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Abstract
The　aim　of　thi5　study　is　to　elucidaもe　communicative　functions　of　Japanese　Sign
Langロage（JSL）and　to　apPly　the　results　of　this　elucidation　to　the　assistance　of
JSL　learner8　and　interpreters，　This　the8is　fbcuses　on　the　folloWing　aspec七s　of
non－linguistic　infbrmation　co且veyed　by七he　communicative　use　of　JSL：（1）prb
duc七ioロmechani5m　of　prominence，（2）prosody　fbr　skill　evaユuation，〔3）learning
effect　of　segmentaもion，　and（4）皿on－verbal　information　fbr　online　8ign　in七erpre－
tation，
　　　Si皿ce且on－linguistic　infbrmation　in　JSL　is　produced　by　a　seもof　8equence　of
movelロent　of　body　parts，　it　is　neeessary　to　establish　the　basic　unit　of　movement
by　w1ゴch　we　can　measure　the　relevant　physical　properties．　Chapter　2　reviews
七he　preceding　studies　that　deal　the　issue　of　＄egmenta七ion　of　a　stream　of　human
孤ovements．
　　　1ロchapter　3，　we　examine　the　physical　correla尤e　of　acoustic　prominence　in
emphasized　signs，　with　a　view　to　providing“pho皿etics”of　JSL　fbr　learners
and　interpreters、　The　results　obtained　show　that　it　i8　not　only　the　emph…M…ized
lexical　move皿ents　but　also　the　transitional　moΨe皿ent5　preceding　the　lexical
movements　that　Change　the　value　of　non－linguistic　parameters　such　as　duration，
speed　and　distance．
　　　In　chapter　4，　we　verify　the　most　effective　timing　unit　to　unders七and　IJSL
words　by　an　experi皿en．t　on　a　cemputer　assisted　sign　la　nguage　learning（CASLL）
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system．　The　result　indicates　that　fbcusing　on　the　longer　unit　including　the
preceding　transitio且al　movements　has　an　e丘bct　on　second－language　learning．
　　　In　cha，pter　5，　we　study　the　relation　between　the　prosody　and　the　meaning　of
JSL　sentenees，　since　sign　language　sometimes　carries　prosodic　infbrmation　such
as　faciaユexpressions，　pause　and　nodding．　We　also　examine　how　the　required　skill
fbr　interpreters　is　related　to　the　skill　fbr　understanding　the皿eaning　of　prosody．
The　results　indicate　that　the　skill　fbr　recognizing　prosody　can　be　useful　when
e5timating　how　experienced　the　interpreter　is　in　interpreting　JSL　into　spoken
Japanese　and　in　working　expeditiou81y　on　the　interpretation．
　　　In　chapter　6，　we　characterize　the　fロnctio且of　non－verbal　in丘〕rma尤ioll　in　the
inteTpreter－mediated　conversations　by　using　videophone　equipme．nts，　in　order　to
evaluat｛∋the　ef】lectiveness　of　facial　expres＄ions　and　nodd加g　fbr　hearing　people．
The　preferred　configurations　had　the　common　characteristics　that　the　hearing
subject　could　see　the　face　of　her／his　primary　conversa七ion　partner，　that　i呂，　the
deaf　subject．
　　　Ba£ed　on　these　experilnental　analyses，　we　conchude　that　non一ユinguistic　in－
fbrmation　ha3　a　5igni且cant　function」in　facilitating　communication　in　JSL，　and
argue　for　the　effectiveness　of　non－1inguistic　infor皿a七ion　in　JSL　for　assisting　JSL
leaエners　and　interpreters．
和文抄訳
本研究では，日本手話のコミュニケーション機能を明らかにし，手謡学習者と手
話通訳者に対する支援に応用することを目的とする．本論文では、日本手話のコ
ミュニケーション機能に関する非言語学的情報のうち，（1）プロミネンスの産出
メカニズム，（2）分節化による学習効果（3）プロソディによるスキル測定，（4）
オンライン手話通訳サービスにおけるノン・バーバル情報に注目する．
　　目本手話の非言語学的情報は手話動作から産出される連続的な信号であるた
め，対応する物理量を測定するには，動きの基本単位を定義することが必要であ
る．このためまず第2章では，人間の連続的な動作を分節するという問題を扱っ
ている先行研究にっいて論じる．
　次に各章で（1）から（4）までの非言語学的情報の分析とヒューマンインタフェー
ス上での効果の検証を行う．
　第3章では，日本手話の「音声学的j知識を学習者と通訳者に提供するため
に，強調された日本手話動作で物理パラメータ（プロミネンス）がどのように変
化するかについて明らかにする（1）．
　第4章では，コンピュータによる手話学習システム上で，手話単語を認識す
るための最も有効な時間的単位について検証する（2）．
　第5章では，顔の表情やポーズ，うなずきなど手話のプロソディと手話文の意
味の関係について調査する，これに加えて，通訳者に必要なスキルがプロソディ
を認識するスキルにどう関与しているのかについて検証する（3）．
　　第6章では，聴者にとっても，顔の表情やうなずきなどの情報が有益である
3
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ことを示すために，オンライン通訳通信機器において，通訳者・ろう者・聴者の
3者の画面構成を変化させながら，通訳内容の質の評価を行う（4）．
　これらの実験的分析を通して，手話の非言語学的情報がコミュニケーション
を円滑にする機能があることを示し，手話学習者や手話通訳者を補助するために
有効であることを実証する．
Chapter　1
Introduction
1．1 Background
Scientific　research　can　be　roughIy　divided　into　two七ypes　of　research：七he　ba£ic
and　the　apPlied．　Focusing　6n　the　substance　of　phenomena　a皿d　establishing　a
systematic　theory　belongs　to　the　fbrmer　group．　OII　the　other　hand，　the工atter
group　cGnsi5ts　of　discovering　a　problem　in　daily　life　and　eXPIori皿g　a　solution
with　some　kind　of　system．　In　sign　language　research　in　Japan，　there　are　also
these　two　types　of　research．　One　is　based　on　some　theoretical　research　that　has
developed，　especia　lly　in　the　United　States，　and　applying　this　methodology　to
むhe　analysis　of　Japanese　Sign　Language（JSL）da，ta，　The　other　is　deveIoping
asystem　by　using　engineering　methodology　to　recognize　or　generate　JSL　fbr
ma避ng　a皿auto皿atic　translation　sy呂tem　between　JS］｝　and　spoken　Japanese．
　　　The“thjrd七ype”of　research　is　concerned　with　connecting　the　basic　a．nd　the
applied　reSearCh｛md　hUman　interfaCe　deVelOpment　Can　be　Ca，tegOriZed　in　thiS
type．　In　the　research　field　of　engineering，　human　interface（HI）is　de丘ned　a£a
contact　poinむbetweell　the　human　aad　the　computer．　Although　the　main　field
of　the　HI　developmen七is　engineering，　the　research　fbr　modeling田are　highly
interdisciplinary：cognitive　science，　psychology，　body　mechanics，　linguistics，　and
so　on．0ロe　of　the　reaso皿s　why　so　many　kinds　of　researchers　are　involved　in　the
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development正br　HI　is　that　considering　what　user　is　supposed　t〔）．　use　the　interface
is　very　iエnportant　for　the皿odeling．　F（〕r　example，　if　we　want　to　develop　a　usable
I皿ouse　for　a　computer，　we　need　to　know　about　the　users　of　iti　thetr　age，　their
grasping　Power，　their　sex，　and　so　on・
　　　This　study　u8es　the　methodology　of　HI　development　and　especially　f（）cuses
on　the　issue“且ow　we　ca血develop　an　useful　application　fbr　the　leaTners　and　the
interpre七er5　in　JSL，，．
　　　1ロorder　to　develop　the　more　usable　and　communica七ive　applicatioll　fbr　the
learners　and　the　interpreter8　in　JSL，　this　study　examines　not　only　the　sy皿bolic
information，　such　as　hend　shape　and　position　in　sign，　that　have　been　discussed
in　the　field　of　sign　language　linguistics，　but　also　the　non＿linguistic　infbr皿ation，
511ch　as　the　quality　of　hands　movement，　the　facia！　expressions，　and　the　po5tures
of　body．　Those　dynamic　properties　work　in　a　well　＄tructured　way　in　the　real－time
conversatio且s’among　the　native　JSL　signers．　For　the　second　Ianguage　learners　of
JSL，　however，　it　i5　very　di丘icult　to　acquire　the　rule，　sillce　they　need　to　leam　how
七hey　work　not　by　textbooks　bu七through　their　own　eyes．　It　might　be　easier　to
imagine　the　c｛mse　that　a　second　language‘‘speaker”faces　difficulties　to　follow　the
real　co且versations　amongもhe　native　speakers，　but　the　ca昼e丘）r　a　second　language
‘‘唐奄№獅?窒刀hi3　the　same　as　well．　This　thesis　reports　the　eXperimental　results　about
the　effect　of　the　non－linguistic　infbrmation∫or　such　second　language　signers．
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工norder　to　develop　more　communicative　application　fbr　the　JSL，　learning　and
interpretation，　this　study　discusses　the　basic　a皿d　applied　researches　especially
in（1）production　mechanism　of　prominence，（2）prosody　fbr　skill　evaluation，
（3）effect　of　segmentation’learning，　and（4）non－verbal　information　for　sign　in－
terpretation．
工3．STRUσTひRE　OF　T別rs　T正IESIS
1．3 Structure　of七his七hesis
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This　the＄is　consists　of　the　fo110wing　chap七er呂．
Chapter　2：Review　of　Relevant　Study
In　order　to　study　the　non－linguistic　information　in　JSL，　it　is丘r5t　necessary
to　establish　the　basic　1ユ1lits　by　which　we　can　measuTe　the　relevant　physicaユ
properties　ergono皿ically．　In　this　chapter，　some　studies　are　reviewed丘om　the
poin七〇f　view　of　the　segmentation　fro皿astream　of　humau　movements．
Chapter　3：Production　of　Prominence　in　JSL
In　this　chapter，　experimental　results　about　pro皿ine皿ce　in　JSL　is　discussed．』We
investigated　which　physical　propertie5　and　which　parts　of　a　sign　are　distinctive
eues　for　the　production　of　prominence　iヨJapane8e　sign　lang皿age．　The　data　in
thi8　experiment　came丘om　three　native　sig皿ers　who　produced　thエee　sentences，
five　time5　each　in　two　modes：emphatic　and　non　emphatic．　From　the　eXperi－
ment，　it　turned　out　that　not　only　the　emphasiZed　lexica1　movements　represent－
ing　sig且but　a180　the　transitional　movements　proceeding　the　lexical・movement
changed　the　value　of　dynamic　parameters　such　as　duratien，　speed　and　di＄tance．
Chapter　4：Development　of　e－learning　program　for　JSL　learners
1且this　chapter，　the　Computer　Assisted　Sign　La皿guage　Leaming（CASLL）sys－
tem　is　introduced．　Wel　propose　a　new　learning　program　and　eompare　it　with　the
eXisting　learing　program　implemented　in　the　CAS肌system．　In　the　e⊃dsting
learn加［g　program，　user81eam　sign　words　and　then　try　to　select　the　appropriate
Japanese　translations　in　a　natural　conver5ation　expressed　by　two　native　sign－
ers．　In　the　proposed　program，　users　try　to　segment　each　word　from　a　stream
of　signing　by　manipulating　a　colltrol　knob　on　the　botto皿of　a　movie　screen，
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and　then　do　the　same　tasks　in　the　exi8ting　learning　modeL　The　end、of　the　seg－
mentation七ask　is　to　know　how　continuous　signs　are　articulated　in　the　natural
di5course，　Ten　Jap　anese　leaエners　participated　in　the　experiments．　Five　subjects
learned　the　existing　word　learning　program　and　the　other且ve　subjec七s　learned
the　proposed　segmentation　learning　program，　The　mean　accuracy　rate　of　the
propo8ed　program　wa£higher　than　that　of　the　existing　prograrn．　The　result　has
indicated　that　focusing　on　transitional　movements　has　an　effect　for　learning　JSL
as　a　second－language．
Chapter　5：EΨaluating　Inte叩肥ter，s　Skill　by　Prosody　in　JSL
Iロthis　chapter，　we　deveIop　ed　a　scale　for　evalua尤ing　ability　to　interpreter　prosody
in　JSL，　called　MPR（Measurement　of　Prosody　Recognition），　in　order七〇know
whether　interpre七er8　can　recognize　the　difference　of　meaning　using　only　the
prosodic　difference．　We　then　conducted　two　experiments：one　is　to　study　the
relationship　between　the　interpreter，s　experience5　and　the　perfbrmance　score
on　MPR（Experiment1），　and　the　other　i5　to　investigate　the　specific　＄kills　that
can　be　estimated　by　MPR（Exp　eriment2）．　The　data　in　Experiment　1　came　from
four　interpreters　who　had　mere　than　1－year　experience　as　interpreters，　and　from
other　fbur　interpretεrs　who　had　less　than　1－year　experience．　The　mean　accuracy
of　MPR　in　the　experienced　group　was　higher七han　that　in　the　less　experienced
group．　The　data　in　EXperiment2　came　fro瓢もhree　high　MPR　interpre七ers　and
three　low　MPR　interpreters．　Two　hearing　subjects　and　three　deaf　subjects
evalua七ed　their　skills　in　terms　of　the　sp㏄ch　or　sign　interpretation　skill，　the
expeditiousness，　and　the　subjective　sense　of　accompli5hment　f（〕r　the　ordering
pizza　task．　The　two　experiments　made　it　clear　that　MPR　is　useful　to　estimate
how　the　interpreter　is　experienced　enough　to　interpret　sign　language　into＄poken
Japanese　and　to　woエk　on　the　interpretation　expeditious正y．
Chap七6r　6：Spa七ial　Configura七ions　fbr　O皿line　Sign、　Interpretation
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This　chapter　discusses　the　design　of　configurations　of　videophone　equipment
aimed　at　online　sign　interpretation．　Situations　that　occur　i且interpretation
service　were　classified　in七〇three　types：on－site　interpretation，　paxtial　online
interpretation，　and　full　online　interpretation．　Simulation　experiments　of　sign
interpretation　were　perfbrmed　and　the　qualitie50f　the　con丘gurations　were　as－
sessed．　Although　on－si七e　interpretation．　is　preferred　by　u＄ers，　it　was　fbund　that
athoughtfUI　design　of　the　con丘guration　improved　the　availability　of　online　in一
七erpretation．　The　prefbrred　configura北ions　had　the　common　characteristics　that
the　hearing　subj　ect　could　see　the　face　of　his／her　primary　conversation　partner，
that　i8，　the　deaf　subj　ect．　The　results　imply　that　hearing　people　who　do　not
unders七a皿d　sign　laロguage　receive　non－verbaユsignals　that　give　additional　infor－
mation．
　　　Fiロally　this　thesis　ends　with　the　discussion　a皿d　conclu5ions　based　on　these
results．
Chapter　2
Review　of　RelevantStudy
2．1 Basic　research　for
movements
segmentation　of　human
In　order　to　study　the　non－linguistic　i且formation　in　JSL，　it　i3　first　n．ecessary
to　es七ablish　the　basic　units　by　which　we　can　measure　the　relevant　physicaI
proper七ies　ergenomically．　In　this　section，　some　studies　are　reviewed　from　the
point　of　view　of　the　segmentatio！10f　a　strea皿of　humaロmσvements．
　　　Several　studies　in　the丘elds　of　linguistics，　engineering，　and　gesture　recogni－
tion　have　dealt　with　the　iSsue　of　the　segrnentation　of　a　stream　of　human　Move－
ment5．工n　a　study　of　sequentiality　in　American　Sign】⊃anguage（ASL），　Liddell
measured　sign　movements　visually　by　counting　videotape　fields　at　60　fields／sec
［40】．The　data　was　collected　f士om　a　deaf　woman　of　deaf　parents　who　narra毛ed
two　stories　in　ASL　at　a　norエnal　signing　rate．　The　author　defined　Movements（M）
and　Holds（H）as　the　tWo　basic　units　of　a　sign　and　counted　such　units　on　the
basi§　of　two　indicators：image　quality　and　hand　location．　According　to　Liddell’s
coding　scheme，　a　blurry　i皿age　indicates　that七he　hand　is　moving，　othervvise，　it
is　holding．　The　hand，s　location　at　the　referenee　point，　which　i8　identi丘ed　f士om
the　sign，8　citation　fbrln，　indicates　that　the　harid　is　still，　etherwise，　it　is　meVing．
　　Wilbur　and　Zelaznik　used　zero　velocity　to　deter皿ine　the　onset　and　o蝕t　of
11
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Figure　2．1：“smart”，“children”　，“smart”in　ASL
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Figure　2．2：Place　of　Marker　on　the　Wrist　of　Signer
each　sign［5，7］．　They　used　an　optical　3－D　motion　capture　system（WATSMART）
to　study　kinematic　properties　of　prominence　as　it　relates　to　phrasal　position　and
emphasis．　They　used　several　cameras　to　detect　the　Iocation　of　infrared　Iight－
emitting　diodes　on　the　thumb　and　index丘nger　of　the　dominant　hand　for　thirteen
subjects　in　four　relevant　sign　contexts．　They　concluded　from　their　analysis　that
peak　velocity　is　the　best　indicator　of　emphasis．
　　　Tb　measure　undershoot　of　signs　produced　at　di丘brent　rates　in　ASL，　Mauk
determined　sign　boundaries　on　the　basis　of　position　data［9】．　He　used　an　opt（ン
electronic　motion　capture　system，　Vicon　250　from　Oxfbrd　Metrics．　Subjects
produced　several　sign　utterances　while　wearing　seven　reflective　spheres，　which
were　used　to　track　sign　movements．　A　marker　on　the　wrist　was　used　to　identify
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the　location　of　the　hand　and　delimit　sign　boundaries　on．　the　basis　of　movement
along　the　x－，　y－or　z－axis．　R〕r　example，七he　beginning　of　the　sign　SMART　in
ASL　corresponds　to　a　minimum　along　the　x－axis，　which　is　in　the　anteroposterior
direction．　The　beginning　of　the　sign　CHILDREN　corresponds　to　a　minimum
location　of　the　wrist　marker　along　the　y－axis，　which　is　in　the　vertical　direction．
　　　Studies　of　Japanese　5ign　language（JSL＞recognition　in七he　field　of　engineer－
ing　have　also　dealt　with　the　issue　of　seg皿1entation　of　the　5ign＄tream　to　detect　its
lexical　co皿ponents．　Ohira　et　al．　used　data　gloves　with　two　subjects　and　mea－
sured　changes　in　hand　shape，　hand　speed　and　the　direction　of　hand　movement
in　40　sentences　to　detect　sign　boundaries　in　JSI」［13］．　In　their　study，　a　speed
e11velope　was　also　used　for　the　detection　of　a“　sign　unit　”Cwhich　i8　a　repet ion
movement　in　the　sign（See　Figure　2）．　This　method　was　89　percent　accurate　in
detecting　sign　boundaries．　Akita　et　al．　proposed　a　detection　nユethod　fbr　the
lexical　componenもs　of　the　sign　s七ream　which　used　angular　jerk　of　human　arm
movemen七1231．　For　their　kinematic　analysis　of　huma皿volitional　movement，
they　u5ed　the　well一㎞ow且minimum　angular　jerk　model　l4】．
　　　Akita　et　aL　presumed　that　the　trans三tional　movement　between　leXical　signs
could　be　represented　by七he　model　of　Iniロimum　j　erk；and　by　exte1msion，　maximum
jerk　could　be　used　to　detect　the　lexical　slgns　them5elves．　They　used　a　magnetic
3－Dtracking　5ystem（EへSTRAK）to　collec毛sign　data　fro皿fbur　signers　who　ea£h
wore　two　sensors　on　their　right　vvrist　and　elbow．　They　tried　to　detect　only　lex三caユ
rnovements　and　not　the　transitionaユmovement5　between　Iexical　signs，　and　the
false　alarm　rate　fbr　phrase．intemal　tran8itionaユmovements　by　this　method　was
3．5perce且t，　which　i8　a　good　rate　fc）r　sign　data
　　　Talcata　e七aユ．　analy呂ed　ca皿didate　factors　fbr　segmentation　in皿atural　one－to－
one　dialogue　between　three　Japanese　deaf　subjects　and　three　hearing　subjects
［531．They　found　several　factors　that　were　indicator5　of　the　boundaries　of　leXdcal
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Table　2．1：Summary　of　Previous　Study
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8igns：amd，　a　blink，　a　hand　position　in　neutral　space，　contact　between　the　hand
and　face　or　contact　between七he　two　hands．　In　addition，　they　discovered七hat
signersもend　to　produce　transitiona1　movements　or　j　ust　hold　the　hands　still　while
these　factors　are　occurring．
　　　In　their　study　of　ge5ture　recogniもion，　Uehara　and　Shimada　divided　human
motion　data　into　segments　at　several　breakpoints　where　velocity　change8［221．
They　employed　thi呂me七hod　to七ag　human　motion　in　order　to　browse　the　content
of　multimedia　data　ef丘ciently．　To　detect　the　time　series　of　3－D　motion　data，
they　u5ed　an　optical　motion　capture　8y5tem　consisting　of　six　infra　red　cameras
with　a　sampling　rate　of　120且z．・A8ubjecもwearing　eighteen　markers　perfbmled
80me　actions　and　the　cameras　recorded　the　subject　J　s　actions　as　video　images．
In　that　study，　Uehara　and　Shimada　de丘ned　the　breakpoints　on　the　basis　of
three　state5　which　comprise　human　mo七ions：onset，　transition　a皿d　termination．
Speed　chaロges丘」o皿zero　to　a　positive　value　at　onse七，　increases　or　decreases　at
transition，　and　change5　from　positive　to　zero　at　termination．　They　u5ed　on5et
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and　termination　as　boundaries　of　basic　units，　called“垂窒奄高奄狽奄魔?@motions”．Table
shows　a　summary　of　previou呂呂tudies．　Although　each　s七udy　has　its　own　seもof
research　que＄tions，　determining　the　boundaries　of　motion　strea皿s　is　a　key　issue
for　all　of　them．　Two　basic毛ypes　of　data　cap七ure　equipment　are　used：videotape
recorders　and　3－D　optical　or　magnetic　motion　tracking　systems．
　　　While　videotape　recorders　can　provide　the　duration　of　the　basic　unit［4010r
the　occurrence　rate　ofpo5sible　sign　boundaries［53】，optical　and　maglleもic　motion
tracking　systems　ca皿proΨide　much　more　iIlfbrmation　almo8t　instantly丘om　3－D
positional　data　with　high　temporal　a皿d　spatial　resolutions　without　interlacing
of　data　samples．且igh　temporal　and　spatial　resolutio薦make　the　calculation　of
speed　and　acceleratio且accz皿ate，　a皿d　non－interlaced　scann．ing　makes　each　data
sample　clearer　＄〇七hat　researchers　can　cQde　the　movements　easily．
　　　A88egmentation　methods　fbr　our呂tudy　in　JSL，　we　adapted　both　the　mag－
netic　motion　tracking　system（FASTRAK）and　the　videotape　recorders．　The
fbrmer　method　will　be　described　in　Chapter　3，　and　the　later　one　wi11　be　intro－
duced　in　Chapter　5．

Chap士er　3
Production　of　Prominence
in　JSL
3．1 Introduc七ion
Consider　the　fbllowing　two　utterances：　‘‘Iordered…COFfee”一　“Iordered
coffee”@with　higher　FO　and　higher　intensity　on　the　first　syllable　of‘‘co　ffee　”　in
the　first　sentence，　co血pared　to‘‘　coffee”in　the　second　5entence，　a］ユd，　in　the　first
sentence，　with　a　pause　between“ordered”and‘‘coffee”．　In　the丘r5t　example，　the
speaker　has　placed　an　emphasis　on　the　words“coffee”without　adding　a　IeXical
intensifier　or　changing　word　order．　The］〔【1anipulation　of　the　physical　propertie8
0f　a　stri皿g　of　speech　sounds　to　a£hieve　a　relatively　stronger　acoustic　impression
i5　ca皿ed“prominence”．The　full　set　of　ma皿ipulable　physical　properties　fbr
prominence　includes　FO，　intensity，　and　duration．　Takeda［42］describes　that　the
pause　insertions　preceding　the　word　that　has　higher　intensi七y，　higher　FO，　and
vowel　leng虹hening　can　often　be　often　observed　in　Japanese§peech．　Clearly，
such　manipulations　of　the　sound　structure　around　the　prominent　word　further
enhance　the　acoustic　impression　of　this　unit．　There　are　two　sides　to　prominence：
the　speaker　’smanipulations　and　the　perceiver’sacoustic　impression．
　　　工nsign　Ianguage　we　suppose　that　there　are　similar　effects　around　a　unit
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of　sign　that　is　realized　with　strong　visual　i皿pression　and　we　can　apply　some
techniques　of　speech　analysis　to　sign－1anguage　analysis．　In　order　to　study　the
physicaユproperties　of　sign－1anguage　prominence，　i七is　necessary　to丘rst　establish
abasic　unit　with　which　we　can　measure　the　relevan七physical　properties　in　a
word；such　as＄egment　or　syllable　in　spoken　language．　In　sign　articulators，
hand，　torso，　head，　face　are　the　main　productive　media　and　the　development　of
faster　technology，　a£Tyrone［30］points　out，　now　allews　sign　language　researchers
to　study　reaユーtime　articulations　of　these　media　wi七h　great　accuracy［5，36］．　In
the　ha皿d　movements，　the皿ost　moΨable　media，　severaユphysical　properties　are
considered　as　the　distinctive　cues　of　prominence．　Fbr　example，　the　signer　can
give　variety　to　the　quality　of　the　ha且d　movements　by　space，　time，　fastness
and　quickness．　In　order　toエneasure　the　quaユity　of　the　movelnents，　we　can　use
distance，　duration，　speed，　accelera七ion，　and　deceleration　of　a　unit　in　a　word．
　　The　goal　of　thi5　study　is　to　investigate　which　set　of　physical　properties　is　the
dis七inctive　cue　fbr　the　production　of　prominen．ce　and　whiCh　unit　in　a　word　is　able
to　have　the　most　distinctive　prominence　in　a　word　of　Japanese　Sign　Language
（JSL）．　To　this　end，　this　study　reports　definition　of　several　units　in　a　word　and
categorizations　of　the　physical　properties　on　each　unit　by　Factor　Anaユysis．
3．2 Subjects
3deaf　people（all　fe皿ales）between　the　ages　of　30　and　50　participated　a5　subjects
in七his　study．　All　subjects　were　right－handed　with　more　than　20　years　of　sign
language　experience．
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Figure　3．1：Lyou七〇f　equipment
3．3
3．3．1
Method
Apparatus
We　collected　position　data好u5ing　Polhemus　FASTRAK　R．　The　8ampling　rate
of　the　tracking　system　is　120Hz．　We　used　3　receivers，　which　were　on七he　back　of
the　hand，　the　wri5t，　and　the　head．　The　sampling　rate　for　each　receiver　is　40且z．
In　the　current　report，　we　only　look　at　the　data　f士om　the　ba〔ik　of　the　right　hand．
Areceiver　oll　the　back　of　the　signer’8right　ha皿d　detected　the　po呂i七ion　of　the
ha皿d　every　O．025　sec．
3．3．2 Data　collecting
Each　subject　saw　Japanese　subtitles　on　a　monitor，　and　after　the　subject　read
the　sen七ence，　an　interlocutor　apPeared　o且the皿onitor　and　a5ked　question5　in
Japanese　SigロLanguage．　The　subj　ect　was　to　a皿swer　the　questions　by　5igning
七he　sentence，　repeating　it　5　times．　The　subtitles　were　presented　so　that　the
5igners　would　all　produce　the　5ame　sentences．　We　measured　only　the　signing
data　produced　by　the　3　subjects．　Japanese　su1）tiUes　were　repre5en七ed　in　the
order　u8ed　fbr　JSL，
20
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Materials
To　prepare　the　ma七erial，　tWo　native　signers　determined　the　order　of　words　to　be
P・e・ented・in・・btit1…ln。・d・・t。　mak・th・・ig・ing　du・i・g　th・・e・。・ding・essi。・・
as　natural　a8　possible，　we　asked　inteTlocutors（native　signers）to　ask　questions
to　the　subjects．　At　the　first　session，　subjects　produced　3　sentences　5　times　each．
The　sentences，　signs，　and　translations　are　as　below．　At　the　next　session，　to　see
the　diffE…rent　effects　of　emphasized　signing，　an　adj　ective　was　represented　as　bold
and　bigger　text　in　each　sentence，　and　signers　expres3ed　three　sentences　with
emphasis．　　　　　　　　　　　　　　’
　　　（1－1－Q）Interlocutor
　　　S七i皿ulus：Onsen　dou－da七ta？
　　　Sign8：0NSEN　DOU？
　　　Translation：hot－spring　how？
　　　　“　How　was　the　hot　spring？”
　　　（1－1－A）Subject
　　　s七i皿ulus：ano　ohuro　hセoi／hiroi　are・
　　　Signs：ANO　OHURO　H王ROI　ARE
　　　Translation：that　bathtub　huge　it
　　　　“That　bathtu、「b　is　huge，”
　　　（1－2－Q）Interlocu．tor
　　　Stimulus：Shinkaロsen　notta？
　　　Signs：SH　iNKANSEN　NORU　OWAR　I？
　　　Translation：Shinkan8en七ε£ke　finish？
　　　　｛‘Did　you　take　a　Shinkansen　bullet　train？”
　　　（1－2－A）Subjecも
　　　Stimulus：Ano　densya　hayai／hayai　are．
　　　Signs：ANO　DENSHA　HAYAI　ARE
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Translation：That　train　fast　it
“That　train　is　fast．叩
（1－3－Q）Interlocutor
Stimulus：Sono　kaban　mo七〇ulca？
Sign5：SONO　KABAN　MOTU？
T「anslation：That　bag　taユce？
‘‘ rhaユ11take　that　1）ag？”
（1－3A）Subject
stimulus：Ano　kaban　omoi／omoi　are
Signs：ANO　KABAN　OMOI　ARE
’1！ranslation：That　bag　heavy　it
‘tshat　bag　is　heavy．1「
3．3．4Speed　calculation
△s（t2）＝ （X2－Xl＞2一ト（Y2－Y1）2十（Z2－Z1）2（3．1）
　　　　　　　　　　　　　　　　　　　　　　　　v（t2）＝△8（t2）ノムt　　　　　　　　　　　　　　　　　　　　（3・2）
The　fbrmulas　fbr　calculating　speed　based　on　the　position　data　are　give且i1（3．1）
and（32）．　Tim．es　tl　and　t2　are　two　sequential　points　in　tiエne　5eparated　by
△孟＝0．0253ec．　Position　at　tl　is（xl，Y1，z1）；atオ2，（x2，Y2，．z2）．△ε（オ2）is　the
distance　between　positions　at　l　t　a皿d　at　2　t　in　three－dimellsional　space；v（t2）iS
the　average　speed　between　positio且s　at　tl　and　at　t2．
　　　Formulas（3．1）and（32）show　the　basic　idea　of　calculating島peed丘om　posi－
tion　data；we　smoothed　the　plot　by　apPlying　a　moving　average　that　e皿Ployed　a
threepoint　window　of　dimension　x，　y，　z　a且d　then　calculated　8peed．△s（t2，3，4）
is　the　distance　between　the　average　of　positions　at　t1，2，3　and　the　average　of
position　at　t2，3　，4　in　three　dimensional　space．　See｛brmulas（3．3）and（3，4）．
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△s（t2，3，4）
（x4・一一　x・）2 （Y4　一　yi）2 （94－z・）2
v（t・，3　，・）一△s（|薯，4）
（3．3）
（3．4）
3．3．5　Defini七ion　of　phase　types
When　we　saw　the　movie　image＄　while　paying　attention七〇the　moveエnen七〇f七he
signer’3hand，　we　could　establish　certain　types　in　the　sequence　of　mevements．
For　example，　in　the　movie　image　of　sentence（1－1－A），（1－1－A）S七i皿ulus：ano
ohuro　h廿oi　are．
　　　Signs：ANO　OHURO　HIROI　ARE
　　　’IEranslation：that　bathtub　huge　it
　　　“That　bathtub　is　huge．”
　　　There　are　4　different　5igns　in　thi呂sentence；ANO，　OHURO，　H1ROI，　and
ARE、　O　nce　we　recognized　these　signs　in　the　movie　file，　we　could　see七ransitio且al
movement　between　the　4　signs．　Sometimes　we　could　also　observe　that　the　signers
hold七he　hand　stiil　just　befbre　the　emphasized　sign．　We　defined　the　label　of　phase
types　for　eaeh　sign　as　Table．3．2．　ln　this　study』，　we　only　focused　on　adj　ective　areas：
HIROI“huge”CHAYAI　L　t‘　fast”and　OMOI“heavy”．
3．3．6　Delimitation　of　each　phase　type
We　delimited　the　movement－type　quantitatively　by　using　5peed（Fig．3．3）．　The
speed　is皿ot　always　constant　in　an　utterance．　The　receiver　on　the　back　of　the
Signer’srigh七haロd　is　changl肛g　position　with　fiuctuating　high　speed　a皿d　low
speed　in亀hree－dimensional　spaee．　However，　the　speed　of　hand皿ovement　is
reduced　and　then　increased　at　each　point　where　a　8igner　changes　the　direction
of　the　hand　moveme且七in　the　process　of　producing　a　sign．　The　speed　minima
show　up　at　the　point　in　time　where　the呂igner　changes　the　direction　of　the　wrist，
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Figure　3．2：Definition　of　phase　types
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Figure　3．3：Delimitation　of　each　phase　type
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elbow　or　shoulder．　We　paid　attention　to　these　speed　m．inima　in　order七〇choo3e
one　mi豆ima　as　a　bounda』ry　that　dividesτandλ．By　ob5erving　the　movie　image
and　spεed　graph，　we　checked　which　direction－change　point　coincides　with　each
speed　minimum，　and　then　＄elected　a　speed　minimum　as　the　beginning　position
ofλ．Afしer　we　picked　one　of　the　minima　as　a　boundary　betweenτandλ，we
de伽ed　the七hresh。ld　for　calculating　duration　ofπ．　We　de且ned　the　threshold
as　20cm／5ec．
3．3．7　Factor　Analysis
Thi5　study　serΨed　a呂apilot　study　to　assess　the　production　of　prominence　in
emphasized－mode　signing．　A　common　factor　analysis　by　principal　component
analysis　was　performed　using　SPSS　fbr　each　8ubject．　The　original　data　fbr　thi5
study　came　frem　the　3　native　signers　who　produced　3　sentences，5times　each
iロ2modes．　We　u5ed　8　types　of　parameter　foエeach　subject（Table．3．4），　and七he
total　number　of　the　data　i5240　utterances　per　each　subject．　A　non　orthogonal
（oblique）エotatio血was　perfbrmed．
3．4 Result　s
Using　the　Kai8er’scriterioロwith　eigenvalue5　greater　than　1・0，　two　or　three
factor　solutions　were　5uggested　accounting　fbr　79－87　900f　the　total　vaエiance　in
ea，ch　subject．　Items　with　loading8　higher亀han．40　were　considered　to　be　repre－
sentative　of七hat　factor（Table3．4）．　The　fa£tors　of‘‘signer　K”were　interpreted
a£fbllow8：（1）ase七〇f　physical　properties　onτ，（2）aset　of　phy5ical　prop　erties
oロλ，〔3）duratioロofλ．The5e　factors　accounted丘）r・35％，33％and　19％of　the
total　variance（87％），　respectively．　The　fac七〇r50f“signer　I，，　were　interpreted
as　fbllows：（1）aset　of　physical　properties　ollλ，（2）ase七〇f　physical　properties
onτ，（3）a　deceleration　ofτ．The　f…lctors　accounted　fbr　40％，26％乱nd　13％of
七〇tal　variance（79％）．　The　factors　of‘‘signer　Y”were　interpreted　as　fo11ows：
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Si　ners　Factors ltem　Label　Parameter　T　es
Rotated
loadin　s
1．Aset　of
kinematic
preperties　on　T
sω
△t｛T）
dωmax
Vωmax
Dis胎nce　of　T　along　trajectory
Duration　of丁
Maximurn　deceleration　of　r
Maximum　Speed　of　T
　　　Percent　Vatianca　E￥cptained
O．56
0．77
－0．92
0．95
35％
K 2、Aset　of
kinematic
properties　on　A
a（λ）max
s〔λ）
V（λ）max
Maximum　acceleraゼon　ofλ
Dis1日ncεofλ自long　trajectory
Maximum　Speed　of　A
　　　Pen　ent　Variance　E坤）tained
O．73
0．89
0，92
3301。
3・　Duration　ofハ・　　△t〔入）Duration　of入 O，92
丁bta’Variance」5（　lainetゴ87％
1．Aset　of
kinematio
properties　onハ・
s（入）
△t㈹
v（A）max
a（λ）max
Distance　ofλalOl19駐日jectory
Duration　ofλ
Maximum　Speed　o杁
Maximum　acoelera魎on　ofλ
　　　Percθnt　Va武治ηoe　Eゆ’8庁ied
O．8
0．75
0，75
0．74
40％
1
2，Aset　of
kinematic
properties　on　T
s（T）
△t（T）
V（T）max
Dista口ce　of　T　along缶日gectory
Duration　ofτ
Maximum　Speed　of　T
　　　Percent・Variance・Eゆ’a加ed
O．98
0．81
0．67
26％
3．Deceleration
of了
d（丁）maxMaximum　deceleration　of　T
　　　Pen・en’Vari∂πce即’8加edF
餌説hU41
丁Ota’Vari’ance　a　伯ined8tO／o
1．Aset　of
kinematic
properties　on　A
△t（A）
a㈹max
v（λ）max
s｛λ）
Duration　ofλ
Maximum　acceler■ation　of　A
Maximum　Speed　ofλ
Distance　of入alor亀g　trajectory
　　　Percent　Variance　Eゆ’a加ed
0，86
0．93
0，97
0，98
50％
Y
2．Aset　of
kinematic
properties　on　T
s（T）
△tω
v（T｝max
dωmax
Distance　of　T　along　t旧gedOly
Duration　of　T
Maximum　Speed　ofτ
Maximum　deceleration　of　T
o．94
0．7｛
O，97
0，81
　　　　　　　　　　　　　　丁b拍’Variance』i∋ぐρ伯庁書ed　　　　84％
Figure　3．4：Results　of　Factor　Analysis
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Figure　3．5：Results　ef　signer　K
N E N E N E
Figure　3．6：Results　of　Signer　1
N E N E
Figure　3．7：Results　of　Signer　Y
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（1）aset　of　physical　properties　on　τ，（2）aset　of　physical　properties　on　λ・
The　factors　accounted　fbr　50％，34％of　total　variance（84％）・The　loading5　fbr
the　items　asslgned　to　each　of　the　three　dimensions，　lis七ed　in　descending　order，
appear　in　Table　l．　Each　of　the　Ioadings　is　＄uMciently　high，　indicating　that　there
i呂agood丘t　of七he　items　to　the　factors，　Fig3．5－3．7　show　differences　of　some　se七s
of　physical　properties　between　emphasized　signing　and　non－emphasized　signing．
N皿eans　non－emphasized呂igning　and　E　means　e皿phasized　si菖ning．　Each　mode
is　categorized　by　each　factor　on　each　princip…tl　component　axis．　The　box　leng七h
is　the　interquartile　ra皿ge．　Star　marks　indicate　cases　with　value8　more　tha且3
box　lengths　frorn　the　upper　or　lower　edge　of　the　box．　Circle　marks　indicate　cases
with　values皿ore　than　1．5　and　3　box　lengths　from　the　upper　or　lower　edge　of
the　box．
3．4．1　Pause　insertions　and　transitional　phase
In　the　productions　of‘‘signer　K”，もhe　set　of　physical　properties　on　r　in
emphasi拓ed　signing　had　more　variations毛han　these　in　non・・emphasized　signing．
We　found　5　pallse　in8ertions　afLerτin．　emphasized　signing，　while　there　were
4pause　insertions　afterτin　no皿℃mpha5ized　signing．　The　average－dutation
of　pause　pha£e8　in　emphas池ed　signing　was　O．39sec，　while　that　in　non－empha5i5
signing　was　O．28sec．　Likewise　in七he　productions　of　signer　Y，　the　5et　of　physical
properties　onτin　emphasiZed　signing　had　more　variations　than　tho5e　in　non－
emphasiZed　signing．　We　found　6　pause　insertiens　af七erτin　emphasセed　signing，
while　there　were　5　pause　insertio且5　afterτin亘oローemphasized　8ignillg、　The
av・・ag←du・ati。且。f　p・u・e・phases　in・mphasized・igni・9・was　e・66・ee，　whi1・th・t
in　non－emphasis　8igning　wasα37sec．　In　signer　K　and　Y，　the　pauses　were　of右en
in8er七ed　in“HIROI”and“OMOI”with　rela七ively　small　values　of　physical
properties　onτi且each＄igning　mode．　Although　there　was且o　pause　insertion
in　the　productions　of　signer　I，　the　vaIues　of　physical　properties　were　relatively
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larger三n　｛‘HAYA王”in　all　three　signers，
3．5 Discussion
Fijom　the　results　of　fa｛コ七〇r　ana王y＄is　i且‘‘8igner　K”｛｝nd‘‘signer　1’，we　not圭cedも1｝aも
曲・w・・esev・・a11・v・ls。f　fa。t。T　in　a　＄ame　phase，　whi。h・・Uld・e誠漉q・aliも1・s
Gf》捻ua玉三mpressio且comprehens玉vely．　The　results　ef“signer　K”恥dic就e　that
毒h・・e・ar・tw。　k韮葺d・。fp・。毘i購ce・n　th・1・x韮戯ph繍，　Th・・et。fa・。・1・・ati・n，
di・tan・・餓d・peed・was。f　p・i拠町pr。舳ence・and・durati。曲ad　a　se・。nd・ry
prgnユ圭nence・Pr三］mary　prom虹ence　has斑ore　shany｝｛iiiTerenceもha丑secondary
P・。蜘en。e・between　emphasls　m・d・・ig曲g　a面丑・n－emphasiS・m。de　s三gnin9．
＆。辺幡擁・糀鯉圏・u瓶・that・th・・pati盛磁・n・呈。脚fもh・玉・xi・al・phases
w曲もhe臨emnd　quk滋er　m。vements　e。昼王d　rea1iZe　m。re　dis伽ctive　visua韮
三皿P・essi。漁an　the　du・aもi。調・x幡重・ns．　The・e・u茎総。f‘‘・igneτr’indicat。　that
臆・a・e伽。kind・。fp・。mi勘・・。且馳・伽・iもi・na1・phas・・．　Th・・et。fdi・tance，
戯a毒i。豆・避dspeed・f　t・ansiti・戯phase　had　a　p・量颯町P・。曲・n¢e｛md書h。
d翻e麟。丑。fもra凶t1。na王phas曲磁asec・nd町pr。曲ence、　fi・。買油e脚vie
lmag・・脅醜・伽・三ti・nal・pha・es・iガ‘・三9且・・1”，w・丑。t呈ce戯謡th・quality。f
meveraeRts・aRd・the・ferms。f　tra」’ectery　in　the　tr｛翻盤。轟a玉泌。vements・were・caim
磁麟糠・鴇瓶・滋・i闘。ヨーe湿擁曲e曲。d・・三9・ing，棚・th・y　were　qui、ik
bl｛コ疏　｛｝買燃艶亀S圭R　e羅三phasiZedi呂圭9iiillg・窪Lhe　vi饒1a玉q種ali砂o£arc皿ovement＄，
瞬…螢職。。珪雑b・real三厩麹ア漁・繍・・。ξh至gher　dece王・麟ま・脇・e。。・d町・
鉾脇舳ce・R：磯㌻厩。b・e鳳職we　iv三｝玉try　t・　・・eat・　P・・曲。夏ce　by
顧蹴圭艦寧・儘繍認曲Ψ・・毛量gate鵬・e　aも幅th・盈伽1・9。f・a。晦P・。f
撃r｛｝覆圭韮給丑艶ま韮fUTt髭君蓄sesea罫｛ぬ．
3．6．　σON（兀USIONS
3．6 Conclusions
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In　this　section，　we　investigated　the　production　of　prominence　based　on　delimi－
tation　of　sequential　hand－movements　into　3　kinds　of　phases；transitional　phase，
pause　phase　and　lexical　phase．　Altheugh　each　type　of　prominence　had　different
sets　of　physical　properties　in　3　signers，　prominence　on　lexical　phase　was皿ost
distinctive　through　3　subject8　and　3　example5．　We　al500b3erved　the　variation．s
of　physical　propertie80n　the　tra皿sitionaユphases　a皿d　the　pause　insertions　be－
tween　transitional　phases　and　lexical　phases．　These　facts　indicate　that　there　is
asimilarity　between　a　syllable　in　spoken　language　a且d　a　lexical　phase　in　sign
language，　because　both　units　can　be　the　most　prominent　place　in　a　word．　We
also　observed　tha七there　was　both　primary　and　secondary　prominence　on　the
lexicaユphases　in　‘‘　signer　K”　and　on　the　transitional　phases　in　‘‘　signer　r’and
those　could　chara£terize七he　v蛉ual　impression　comprehensively．　These　facts　in－
dicate　that　there　are　more　varieties　of　tヒe　set　of　physical　properties　contributing
to　the　production　of　prominence　in　JSL．　The　knowledge　of　prominenoe　of　JSL
is　exp㏄ted　to　apply　in　the　education丘eld　in　JSL．

Chapter　4
Development　of　e－learning
Program　for　JSL　learners
4．1 Introduction
In　order　to　present　some　eontents　of　native　sign　language　by　using　the　technology
of　computer　network8，　a　lo七〇f　research　has　been　done　all　over　the　world　in　the
丘eld　of　educational　engineeriロg．　In　these　works，　tbere　are　two敏pes長｝r　their
aim5；one　is　to　5upport　the　deaf　people　them5elves　in　order　to　fiH　the　social　gaps
between　the　deaf　people　and　the　hearing　people，　and　the　other　i8　to　dis8eminate
the　lmowledge　of　sign　language　in　a　society　80　that　the　circum5tances　around
the　deaf　people　are　improved．．
　　In　the　case　of丘rst　group，　the　research　of　animation　generation　by　natural　lan－
guage　processhlg　technology　ha5　been　progre鵠ing　in　Greek　Sign　Language［121、
1五Japan，　based　on　the　knowledge　that　the　sp｛ied　for　playing　JSL　images　de－
pend50n　the　Ievel　of　pro且cie且cy　fbr　JSL，　a　system　fbr　playing　JSL　images　in
且ve　speed　level　ha5　been　developedl15】．
　　Mea皿while，　in　the　ca5e　of　the　second　type　of　re5earch，aremote　communi－
cations　system　to　connect　a　class　of　American　Sign　Language　to　the　terminal
of　8tudellts　has　been　developed［381．　Iri　Japan，　the　self　learning　systel血of丘nger
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Beglnners Hand　Shape Japanese Meaning
H回nd　5hPε5e｛r‘h　　　　　JOPOh巳s52｛roh
．’　　　　． ’　　　　　．　　　　・． ，■願■■■　　■　　　　　　　伽 か　　　rr」幽幽・・　　　　　　　，幽．． ． ．．．．＿．．1．　　．　　r　　幽 ・」 ’” D1’辱押 1’u
Slgn　Lロng岨gεPhonological　KrlowledgeSemal t｛o　Knowledge
し．
1 ■．・・1　　　　　，　　　　　幽　引・囲門　　　1　　・凸辱　　騨，」．．．．．
@　　　　　　　　　　　　　　　　　　　　　　　　　餓呂h†ol［）idion明
or、εdic廿ing　scロ1r仁　　　y　Tr・on　’ionolハハov¢m呂nf
噛　P　　　　　， 1　　　　　　　　　　　　　　　　．
JSL　NatiVe Matching　Movemellt　w仕h　LallguageMeaning
Figure　4．1：R£cognition　Model　fbr］Native　Signer呂and　Beginners
spelling　With七he　function　of　feedback［211，　the　JSL　database　with呂earch」func－
tion　based　on　the　liロguistic　knowledge　of　native　Japanese　sig且ers【48］and　the
teachware　of　JSL　have　been　developedl14］．
　　　The　aim　of　this　study　i8　to　develop　Computer　Assisted　Lea加ng　Syste皿
（CAS］）L）and　then　eΨa！ua、te　the　learning　pregrams　implemented　in七his　system．
Gompared　to　other　relevant　studies，　the　distinctive　aim　fbr　thiS　study　i8　to
support　the　reading　ta昼k　of　na加ra15ign　which　is　one　of　mo5t　difHcult　task　for
hearing　learners．
　　　In　this　chapter，　we　oエganize　the　reasons　why　the　reading　task　is　so　diflicult
for　the　second－Ianguage　Iearners　whiIe　referring　to　the　linguistic　knowledge　that
has　been　revealed　in　recent　year呂．　After　that，　we　evaluate　the　proposed　learning
皿ethod　against　the　existing　learning　me七hod．
4．2 Predictin」g　model　by　transitional　movernent
One　of　the　required　5kills　fbr　the　learners　of　JSL　is　the　need　to　leaエn　the　kロa£k
of　reading　each　word　that　i5　expre8呂ed　in　the】ユatural　speed　discourse．　Fbr　this
knack，　this　study　fbcu5es　oll　the　tran5itional　movement　which　is　traveling　to　the
且ext　lexical　movement．　We　a150　present　the“segmentation　leaming”by　which
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1eamers　8tudy　how　to　5egment　the　continuous　sign　movement．1七is　based　on
the　time　point　when　the缶st　lexical　moΨementεnds　aロd　moves　to　the　nex七〇ne，
　　　‘‘segme且t”is　to　delimit　the　continuous　linguistic　infbrmation．　based　on　a
unit．　It　is　called　double　articulateness　that　language　can　be　segmented　into
morphemes　and　phonemes　which　are　smaller　units　than　morphemes［3］．　The　con－
tinuou8　sign　moΨement　can．　be　segmented　into　morphemes，　wordS　and　clauses．
This　8tudy　f（〕ou8es　on　a皿it，“the　transitional　movemen七十the　lexical　move．
ment，，　and　evalua尤es　the　ef王bct　of　5egment　ation　learning　methods　fbr　the　reading
task．
　　　The　followiug　data　is　the　rea£on　why　we　defi且e　the　segment　as‘％he　tran5i－
tional　movement十the　lexical　movement”．　While　the　timing－points　when　the
native　signer　recognized　a　word　in‘‘the　tra且sitional　movement十the　lexical
movement”was　about　15％of　the　whole　unit，　in　the　case　of　JSL　interpreters，　it
was　26％．工n　the　case　of　JSL　beginners，　they　were　not　able　to　recog【江ze　it　llntil
60％of　the　unit［52］．　Iiurthermore，　the　earlier　the　deaf　per50n　acquires　JSL　the
faster　he／she　can　recognize　a　word　in　the　recognition　experiment【50］．　Regarding
this　data，　the　closer　the　subject　is　to　native，　the　more　he／she　i3　able　to　recognize
the　word　at　the　fiTst　timing－point　on七he　u．nit．　We　present　the　recognition　model
which　can　explain　the　difference　of　the　timing－points　betweeロnative　signer3　and
begi皿ner8（Fig、4．1）。
　　　The　equiΨalent　of　phonemLes　in　sign　language　consists　of　hand－shape，　place
and　movement　and　those’components　structure　a　word4．1．　Fbr　example、　if　a
index　finger　goes　straight　up　to　one，s　temple，　that皿ovement　represents“think，，
ill　JSL　In　this　case，　the　phoneme　of　ttthink”consists　of　hand－shape“1”，place
“temple”，and　movement‘‘straight　line’，．　Those　simultaneous　comportrnents　of
phoneme　structure　the　word“think”in　JSL．
　　　De5cribing　the　temporal　sequence　f士om　the　change　of　these　comportments
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to　be丘xed　as　a　word，（1）start七〇move丘om　the　end　point　of　a　proceeding
w。・d，（2）・tart　t。・hang・もh・h・nd－sh・p・，（3）fix・th・hand－sh・p・（4）fix　th・
Place　and（5）start　to　1nove　in　a　word・There　is　an　experi皿ental　report　that
the　rec。gniti・n。f　h・nd－sh・p・and・Plac・p・eced・・七h・t・f　m。vem・nt（Fig・4・ユ）・
li）rom　this　knowledge，　the　native　signer’s　time　to　recognize　a　word　seems　to　be
a七・t・g・（1），whi1・ab・gi・n・・’・tim・・eem・t。　b・aft・・st・g・（2）・
　　　The　delay　in　recognition　time　seems　to　be　caused　by　the　beginners　cognitive
tendency；they　pay　at七ention　to　the　chE皿ging　of　hand－shap　e，　and　when　it　i8且xed，
th・y　t・y　t・脚・1・t・it　int・・p。k・n　J・p・n・・e（th・upP・・p・。ce・s　in且9・4ユ）・On
the　other　hand，　native　signers　seems　to　recognize　a　word　directly　by　predicting
the　change　of　phoneme　component5（lower　process　in　fig．4．1）．
　　　We　iエnplemented　the　segmen七ation　learning　on　CASLL　so七hat毛he　beginners
can　d6tect　the　timing　point　when　the　signer　starts　to皿ove　his／her　hands　to　the
next　word．・We　designed　the　program　with　which　beginners　learn　from　the　more
long－range　movement　sets　as　units，　while　they　pay　attention　not七〇　the　starting
point　of　changing　hand－shape　but　to　that　of　movement．
4．3 Design　of　segmen七ation　learning
　　In　this　section，　we　will呂ort　out　the　problems　of　the　existing　learning　style
compared　to止e　charac七eristics　of　continuous　sign　in　natural　discourse．
　　　In　natural　discour呂e　by　native　signers，　it　is　ob5erved　tha七haロd－5hape　a皿d
position　cha皿ges　under　the　influence　of　tho5e　in　the　proceeding　word，　while　it
didnlt　occur　when　each　word　is　carefully　pronounced【4911．　It　is　also　reported
that　hand－shape　slightly　changes　its　feature　when　two　words　form　a　phra5e
［51］．When　a　signer　produces　number’‘1”as　a　single　word，　he／she　holdS　the
　　ユln　American　Sign　Language，　it　iS　also　observed　that　the　pesitien　of　word　i5　gettiロg　closer
to　the　proceeding　word　po5itbn　when　the　speed　of　ar七i¢ulation　i呂inor巳asedl26］
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Figure　4．2：Examples　for　HandShape　Assimilation
　　　　　　　　　　　F｝rom　lchida（2005）p．16
other　four　fingers　tight　except　for　the　index丘nger．　However，　when　it　forms
aphrase　With　the　word　which丘ve丘ngers　open　softly，　the　other　four　fingers
except　the　index　finger　are　closed　lightly（see　right　picture　of　Fig．4．2）．　This
fact　is　caused　by　the　fact　that　the　hand　shape　with　five　fingers　open　effects
the　anteroposterior　word，　and　then　the　feature　of“open”is　added　to　the　four
丘ngers　except　the　index丘nger．　This　phenomenon　seems　to　be　equivalent　to　the
phoneme　assimilation　in　spoken　language，　the　term　of“assimilation”is　used　in
sign　language　research〔51】．　The　phenomenon　is　related　to　eMcient　articulation
and　is　often　observed　in　natural　speed　discourse　in　native　signers・
　　　Meanwhile　in　the　learning　situation　of　beginners，　there　are　many　students
who　face　di伍culty　reading　words　in　natural　discourse，　even　though　they　have
already　learned　each　word．　It　is　not　uncommon　to　see　the　number　of　students　are
decreasing　by　more　than　half　in　a　class，　as　the　levels　of　a　course　advances．　One
of　the　reasons　for　this　problem　seems　to　be　the　general　learning　method　used　in
classes　or　groups　of　JSL．　In　some　classes，　students　are　often　required　to　memorize
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Figure　4．3：Learning　UIlits　fbr　Segmentation　and　Word　Learning　Programs
all　the　vocabulary　fbr　greetings，　illtroducing　their　family，　and　numbers．　After
the　Iesson，　they　start　to　practice　to　read　and　express　the　words　with　students
in　pairs．　By　such　kinds　of　leaming　style，　it　is　di伍cult　to　read　sentences　with
many　phoneme　assimilations　in　natural　discourse．
　　　Based　on　these　problems，　we　defined　three　points　as　necessary　functions　fbr
the　design　of　proposed　learlling　program；（1）students　can　check　the　images　as
many　times　as　they　want　to，（2）students　can　leam　a　word　expressed　carefully
by　comparing　it　to　the　same　word　expressed　with　other　words　colltinuously
and（3）students　can　be　aware　of　the　segment　boundaries　including　transitional
movement．
　　　We　also　implement　the　word－learning　program　that　users　mainly　study　JSL
vocabulary　on　CASLL，　and　then　evaluate　how　much　each　user　can　recognize　the
words　in　natural　discourse．　Ba£ed　on　the　results，　we　verify　the　effectiveness　of
proposed　program　including　the　segment　task　befbre　the　vocablllary　task．
　　　Feg．4．3　shows　the　relations　in　each　leaning　program　and　continuous　sign　im－
ages　in　naturaユdiscourse．　In　the　word　learning　that　is　more　conventional　in　JSL
education，　users　ma董nly　fbcuses　on　the　lexical　movement　without　transitionaI
movement　in　the　segment：the　short　arrows　in　fig．4．3．　Compared　with　this，　we
design　the　segmentation　learning　which　makes　users　fbcus　on　the　long　arrow
in且9．4．3．　We　expect　that　the　users　can　study　sign　production　including　the
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natural　assimilations　between　words，　and　it　will　improve　their　skill　fbr　reading
as　a　result，　We　will　describe　the　details　in　eabch　learning　program．
4．4 Two　learning　Programs　and　sys七em
Table．4．1　show　the　process　in　each　learning　prograrn．　The　tex七s　in　boldface
are　common亀asks　in　each　one．　In　the　segmentation　leami且g，　there　are　three
d簸erent　task3　befbre　the　common　tasks．　Tho5e　three　tasks　are　comportments
of七he　segmentation　learning，　the　propo8ed　method　in　this　study．
　　　In、　the　word　learning，　users　study　only　le｝dcal　movements　without　payi且g
attention　to　transitional　movement5，　and　then　memorize　the　Japanese　transla－
tions．　After　that，　users　challenge　the　reading　task　to　answer　the　mLeaning　of
word　iロeach　question．　On　the　othbr　hand，　in　the　segmentation　learning，　the
u5er8　coun七七he　stroke　of　movements　in　each　example　of　natural　discourse．　This
task　is　aimed　at　making　the凪fbcus　attentio皿in　each　component　of皿ovelnen七，
and　they　should　beco皿e　used　to　the　natural　speed　wi七h珀any　assimilations，
Af七er七he　countiロg　task，　they　try七〇correct　the　order　of　word　ilnages　which
are　randomly－aligned　in　the　order　of　natural　discourse．　In　the“word　i斑age8”，
a　signer’垂窒盾р浮モ?刀@each　word　separately．　At　the　upper　side　of　the　word　image，
there　is　discourse　im．age　in　which　a　native　signer　is　signing（Fig．4．4）．　The　re－
realign皿ent　task　is　aimed　at　relating七he　words　and　the　sequen薗al　signs．　The
users　should　be　conscious　of　the　difference　between　the　words　and　the　segm．en、ts
including　transitional　movement　and　lexical　movement．　After　the　re－reali　gnment
task，　useTs　perform　the　5egment　task　in　which　they　try　to　match　the　knob　at
each　segment　i丑the　short　piece　of　di＄course　i皿age（Fig．4．5）．　We　designed　these
three　tasks　so　that　user8　can　be　consciou50f　each　segment　including　transi七ional
movement，　After　these　three　tasks，　they　perfbrm　the　tasks　fbrもhe　word　leam－
ing：the　word　learning　ta£k，　and　the　examination　for　checking　howエnany　word
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Table　4ユ：Learni皿g　Proces呂es　of　Two】』earning　Progra皿＄
Word　Lεaming　ProgramSegmentation　Learning　Program
1 Word　Learning［Cask1 Co皿ting　Ta8k
2 Word　Test 2 Realignmeロ七Task
3 Reading　Task3 Se巳lnent　Task
4 Realignmeut　Task4 Werd　Learning　Task
5 ’Tlra　nslation　Test5 Word　Test
6 Reading　Task
7 ’1｝anslation　Te5t
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　しthey　correctly　memorized．　In　the　following　section，
detail　of　each　Ieaming　pregratn．
4．4．1
we　wユ11　explain　ab ut　the
Outline　of　two　Iearning　Programs
．Word　Leaming　Program
1．Word　learning　task
　　User5　are　required　to　check　each　word　i皿age　in　a　exam．ple　sentence，　and
　　fbllow　those　movements．　Each　word　image　ha3　a　short　expository七ext　fbr
　　the　meaning　and　the　movement．
2．Word　test
　　Users　are　required　to　select　the　correct　japanese　transla七ion£or　each　which
　　is　Tando〕mly－pre8ented　word．　Thi8　test　i｝aiエned　at　testing　whether　they
　　can　remember　the　mean、ing　of　each　word　pre呂ented　i皿the　word　Iearning
　　task．
3．Reading　task
　　U5er5　are　required　to　read　each　word　presented　in　the　image　of　natural
　　di5course　which　length　of　about　5－10　seconds　and　3elect　the　meani11g　of　it．
4．Realignment　task
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Figure　4．4：User，s　Screen　fbr　Reorder　Task
　　Users　are　required　to　correct　the　orde筑of　some　word　images　that　are
　　randomly－aligned　from　the　order　of　a　sentence　in　natural　discourse．　Each
　　image　has　Japanese　subtitles．
5．’］］ranslation　test
　　Users　are　required　to　select　a　correct　translation　that　is　appropriate　fbr
　　the　example　image　by　a　native　signer．
●Segmentation　Learning　Prograrn
1．Counting　task
　　Users　are　required　to　count　the　stroke　of　movements　in　each　example　of
　　natural　discourse．　They　can　select　the　number　of　stroke　f士om　choices．
2．Realignment　task
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WRQNG　ANSWER（The　lirst　and　second　control　knob　are　In　wrong　posttions｝
　　　CASLL－15／247
　　　　　　　　　　　　Please　control　the　slider　and　move　the　knobs　at　the　end　of　words
　　iV＝：：＝＝：：：＝一＝－ia－：＝コ
Word　1．笹：二：：から璽…申一コ
Word　2・覆一．＿＿ゐ、運：コ
Word　3’証：：二二：二から証｛’°「
　　　回
Figure　4．5：User，s　Screen　for　Segmentation　Task
Users　are　required　to　correct　the　order　of　some　word　images　that　are
randomly－aユigned丘om　the　order　of　a　sentence　in　natural　discourse．　In
order　to　match　the　order　of　word　images　to　the　sentence　in　discourse　image，
they　need　to　manipulate　the　buttons　fbr　switching　the　images　without
Japanese　subtitles．　At　this　point，　they　have　no七Iearned　the　meaning　of
each　word，　so　they　can　only　check　how　each　stroke　structures　the　word　in
natural　discourse．
3．Segment　task
　　Users　are　required　to　select　the　length　of　each　segment　in　a　short　piece　of
　　image　cut　from　natural　discourse．　As　in　Fig．4．5，　they　need　to　manipulate
　　the　knobs　on　the　slider　with　referring　to　the　discourse　image，　and　set　the
　　position　of　knob　at　at　the　last　frame　when　the　hands　start　to　change　the
　　shape　and　translate　to　the　next　word．　If　the　user　doesn，t　set　it　at　the　right
　　position，　the　arrow　message　is　shown　up　saying“you　have　wrong　answer
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　　　　　（tlle　second　knob　is　at　the　wrong　Position），，．　After七he　u3er　corrects　the
　　　　position，　he／she　can皿ove　to　the　next　task2．
　　4．Word　learning　task
　　　　　Users　are　required　to　check　each　word　image　in　a　exampIe　sentence，　and
　　　　　lbllow　those　movements．　Each　word　image　has　a　short　expository　text　for
　　　　　the　meaning　and　the　movement．
　　5．Vocabulary　test
　　　　　Users　are　required　to　select　the　correct　Japanese　tra皿slation　fbr　each　word
　　　　　which　is　ran．dolnly－presented，　This七est　is　aimed　at　testi鳳g　whether　they
　　　　　can　remember　the　nユeaning　of　each　word　presented　in七he　word　learning
　　　　　task．
　　6．Reading　task
　　　　U8ers　are　required　to　read　each　word　presented　in　the　image　of　naturaユ
　　　　di5cour5e　that　leig七h　is　about　5－108econds　and　5elect　the　meaning　of　it・
　　7．TbaIisla，tion　test
　　　　User3　are　required　to呂elect　a　coロect　translation　that　is　apPropriate丘｝r
　　　　the　example辻nage　by　a　native　signer．
4．4．2　System　overview
Fig．4．6　shows　the　sy8tem　overview　of　CAS工L　O皿ce　the　scripts　with　the　proce－
dure　of　two　leaming　programs　has　beeロsent　to　the　server，　the　8erver　finishes
the　preparation」br　judging　the　aロ8wers；generation　of　hints；and　generation
of　the　fbrm80f　buttons，　knobs，　and　images．　Once　the　user丘nished　each　task
With　diSplaying　images　from　the　server，　each　answer　will　seロt　to右he　server．　The
server　will　display　hints　according　to　the　user’s　answer，　and　present　the　fbrm　of
　　2The　c。r肥ct　answer　was　set　with　the　2　frames　margin　in　the　vicinity．
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next　ta5k　when　the　user，s　answer　is　coTrect．　The　hints　include　the　infbrmation
about　the　number　df　correct　an＄wers　per　question，　and　the　wrong　position　num－
ber　of　the㎞ob3　in　the　seg皿ent　task．　The　user，s　record　will　be　stored　in　the
server　in　order七〇　evaluate　for　the　neXt　analy5is．　We　designed　CASLL　based　on
the　assumption　that　users　have　lnternet　Explore　6・o＋（Microsoft）・QuidkTime
7＋（ApPl・），・nd　ADSL。・cabl・。・1・・ge－・c・1・且・tw。・k・t　univ・rsiti…　Flr°m
th。．exp・・im・nt・th・t　w・hav・d・皿・b・fo・e，・the　u・e・・　・an・P・・f・・m　th・taskS　in
CAS】LL　with　these　environments．
4．5．EVALUATJON　EXPER工MENT
4．5 Evaluation　experiment
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4．5．1　Procedure
The　aim　of　this　experiment　is　to　present　a　self－learning　program　lby　which　a
user　can　be　thoughtful　about　hihe／sher　choice　of　tasks．　R）r　this　aim，　we　com－
pare　the　scores　of　two　8ubject　grolユps；the　word　1earning　group　and　the　segment
learning　group．　We　evalu　ate　the　effect　of　the　segment　Iearning　for　the　reading
tasks　in　CASLL，　The　users　can　see　the　que呂tion　image8　as　much　as　they　want
and　perfbrm．　the　tasks　until　they　reach　each　correct　answer．　In　this　situation，
if　the　leaming　e丘bcts　of　two　learning　programs　fbr　the　reading　task　were　not
so　different，　we　could　not　say　that　there　was　a　speciaユlearning　effect　in　the
seg皿ent　learning　program．　lf　so，　the　effec七〇f　the　reading　task　woUld　be　only
the　result　of七he　word　learning．　Therefbre，　fbr　this　experiエnents，　we　will　analyze
the　proficiencies　of　vocabulary　in　two　program3．　If　we　could　confirm　tha七the
pro且cienc三es　are　high　enough　in　both　two　program．s，　we　would　use　it　as　a　base－
line　and　then　co皿pare　the　scores　of　reading　ta8k　in　beth　programs・　FQr　this
co皿parison，　we　would　use　the　p　ercentage　of　number　of　questions　that　the　Users
get　correct　at　the丘rst　trial，　andもhe　number　of七rials　fbr　reaching　each　correct
al1呂wer．
4．5．2　　Subjects
The　subjects　were　10　beginners　who　have　less　than　two　years　learning　experience
at　some　JSL　learning　clubs．　In　the8e　subject8，5　beginners　performed七he　word
Iearning　program　aIld　the　other　5　beginners　perfbrmed　the　segment　leaming
program．　The　range　of　their　age　was　from　20　to　38　years　old，　and　the　maユe－
female　ratio　was　3：2　respectively．
44　CHAPTER　4．　DEVISL　OPMENT　OF　E－LEARNING　PROGRAM　FOR　JSL　LEARNERS
4．53　　Learning　Program．
Although、the　leaming　program　at　the　server　ca且be　restructured　by　writing
the　script，　we　used　some　images　cut　from　a　image　of　natural　discourse．　The
length　of　each　image　was　abouも7seconds．　The　total　number　of　images　were　6，
and　those　included　53　basic　word5　tha七were　u8ed　in　a　natural　discourse．　The
Iength　of　whole　image　wa349　seconds　and七he　average　speed　of　signing　was
1．54［word／secユ．　That　speed　was　quite　fast　for　the　user51based　on　the　result＄of
Questionnaire　that　al1　users　answered　after七he　experimeロt．　For　those　6　images，
we　made　the　script　f（）r　the　two　learning　pTograms　in　Table．4．1，　and　implemented
もhe　tasks　by　which　each　user　perform　the　6　trials．　We　al50　a」ユded　a　function
by　which　the　user5　could　answer　ea£h　question　5　times　and　after　5　times，七hey
could　select‘‘give　up”and　go　next　task．
4．6　Result　and　discussion
4．6．1　Level　of　pro丘ciency　foti　vocabulary
（the　number　of　question－th、e皿u　nber　of　wrong　answer）÷the　numb　er　of　question　x　100
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（4．1）
From　the　expression（4．ユ），　we　ealculated　the　proficiencies　of　53　word5　in　both
learning　prograrns．　These　weTe　98　in　both　learning　program5　that　were　close　to
perfect．　As　a　result，　it　was　con且rmed　that　the　proficiencies　of　the　vocabulary
in　1〕oth　learning　groups　were　similarly　high。
4・6・2　　Analysis　fbr　score　in　reading　task
In　oエder　to　calculate　the　score　ef　the　reading　task，　we　sul）stituted　the　number　of
reading　questions　and　the　number　of　wrong　an5wer　i皿the　reading　task　to（4．1）．
As　a　resu正t，　the　average　in　the　word　leamiエ1g　group　was　67．O　and　tha七in　the
segment　learning　group　was　54．8．　The　former　average　was　signi丘can七ly　higher
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Figure　4．7：Mean　Number　of　［rials　for　Reading　Task　and　Word　Task
tha皿the　later　one（t（8）＝ユ．97，P＜．05）．
4．6．3　Analysis　for　number　of　tria1
Although　this　system　allows七he　users　to　skip　the　question　with　the　giving　up
丘1nction　after　the且fth　trials，　they　can　also　answer　the　questions　as　many　as
they　want　withou七the　giving　up　fu且ctioロ．　Therefbre，　at　Ieast　in　principle，　they
can　continue　the　trialS　to　answer　a　question　until　they　reach　the　correct　answer．
If　he／she　a．nswers　correc七ly　at　the　first　trial，　he／she　can　have　higher　soore，　so　we
analyzed　the　number　of　trial3　they　had　in　both　the　reading　task　and　the　word
task．　lf　the　segmentation工earning　had　more　effect　for　the　reading　ta£k　tha皿the
word　leaming，比e　average　number　of　trials　of　segmentatien　users　would　be　less
than　that　of　the　word　users．　The　result　was　showll　in　Fig．4．7．
　　　In　Fig．4．7，　the　two　bars　on　the　left　side　shows亀he　resu正t　of　reading　task．
The　nユean　trial　number　of　reading　task　in　the　segmentation　u8ers　was　less　than
that　in　the　word　users．　This　means　that　the　segmentation　users　reached　correct
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answers　with　less　triaJs　than　those　by　the　word　users．　The　mean　trial　nu皿ber50f
reading　task　were　2．18　in　the　word　learning　group，　and　1．69　in　the　segmentation
learning　group；SD　were　G．49　and　O、32　respectively（t（8）1．84，　p＝．051）．　The　less
trial　numbers　needed　by　the　segmentation　users　seems　to　reflect　t　he　higher　score
in　the　reading　ta5k．
　　In　Fig．4．7，　the　two　bars　on　the　left　side　show　the　Tesult　of　word七ask．　Both
groups　of　users　reached　the　corTect　answers　mostly　at　each　first　triaユ．　The　mean
trial皿umber80f　word　task　were　1．02　in　the　word　learlling　group，　and　1．07　ill
the　segme且tation　leaming　group；SD　were　O　and　Oユ1　respectively，　Erom　this
result，　we　found　that　all　user　in　both　learning　groups　answered　aユmost　perfectly
fbr　the　random　questions　in　the　word七ask．
　　　The　difference　of　learning　program　in　both　learning　groups　were　the　follow」
ing；the　segmentation　users　had　the　eounting　task，　the　realign　nent　task，　the
segment　task，　the　word　Iearning　task，　the　vocabulary　tgst　and　thell　the　read－
ing七ask．　The　first　thエee　tasks　are七he　original　component　of　the　segmentation
learn血g．　On　the　other　ha皿d，　th6　word　users　had　the　word　learning　task，　the
vocabula』ry　test　a皿d　then　the　reading　task．　The　word　llser呂seems　to　fin、d　it
di伍cult　to　read　the　meaning　of　each　word　in　natural　discourse　immediately
afしer　the　word　leaming　task　and　the　vocabulaty　test．　Additionally，　the　word
users　had　a　perfect　vocabulary　skill　in　53　words，　so　even　if　they　had　more　tri－
als　for　the　word工earning‘ta8k，　the　score　of　the　reading　task　would　be　same．
Compared　with　the皿，　the　segmeエltation　users　saw七he　natural　discourse　i皿age
over　and　over　again，　and　had　the　eounting　task，　the　realignment　task　and　the
segment　task，　so　the　users　seems　to丘nd　it　ea£y　to　recognize　the　relation　be－
tween　movement　and　meaning　in　the　early　stages．　From七he　fact　that　the　levels
of　proficiency　for　vocabulaxy　are　highly　enough　in　both　learning　programs，　the
segment　ation工earning　showed七he　e丘bctiveロess　in、　reading　the　sig且ing　words　in
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Figure　4．8；Results　of　Questio血naire
natural　diScourse．
4．6．4　Questionnaire
Frem　the’　above　analyses，　we　fbund　the　effec七ivenes5　of　the　segmentation　learn－
ing、　but　there　might　be　room　f（）r　improvem、ent　in　the　program　which　was　a
丘rst　edi七ion．　We　studied　the　possible　way　fbr　improΨement　f沁m　the　analysiS
of　questionnaires．　Fig．4．85hows　the　result　of　questionnaires　that　a皿u8er　an－
swered　after　their　learning　programs．　They　were　asked　to　rate　their　impression
based　on且ve　question5丘o皿Qユto　Q．20n　the　grade　of　five　scaユe　each．　Q．1　was
“Were　the　questions　di伍cult　fbr　you？”and　almost　all　user　rated　more　than　4
（d面cult）．　It　indicated　that　the　chalIenge　level5　were　high　fbr　all　user　in　both
programs，　Q2　was“How　did　you　feel　about　your　workIoad？’，．　Fbr　this　que5七ion，
two　word　users　rated　3（right　quantity）and　three　rated　4（it　was　heavy）．　On　the
other　haロd，　one　segmeIltation　users　ra七ed　3　and　four　rated　5（it　was　too　heavy），
The　extra　duration　of　the　seg1ne且tation］eaning　seems　to　make　the　users　feel
workload　to　be　heavier・Q・3　wa且‘‘Do　you　wa」lt　to　learn　by　this　same　leaming
progra皿again？冊．　R）ur　word　u8ers　rated　4（yes、　when　I　have　time），　and　o且e
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rated　5（definitely　yes），　while　three　segmentation　users　rated　1（no，　never），o豆e
rated　4（yes，　when　I　have　time）and　one　rated　5（defini七ely　yes）．　The　evahlation
result　varied　greatly　in　the　5egment　ation　learning．　Q．4　was“How　was七he　eM－
ciency　of　this　program　compared　to　other　learning　methods　by　which　you　had
learned　be走bre”．　One　segmentation　user　rated　1（highly　inef丘cient）bllt　more
than　half　of　users　answered“efHcient1’and“highly　ef且cient”．　Q．5　was‘‘How　was
the　operability　of　your　computer　for　this　prograrn？”，and　more七han　half　users
rated“good”aロd‘Wery　handy’，．　The　user　who　answeエed‘‘a　little　bit　diMcult　to
operate”deseribed　her　impressions　that　her　compu七er　screen　was　too　small　to
see　a11　word　image　when呂he　attempted　the　realignment七ask．　From　the　above
resul七s　of　operability，　we　fbund　that　the　problems　fbr　the　interface　would　be
improved　easily　if　we　changed　it七〇the　adjustable　display　system　with　user，s
screen　si賜e．　Addi七ionally，　we　found　some　room　for　improvement　in　tlle　curric11－
lum　of　the　segmentation　learning・For　the　purpose　of　comparative　experimen，ts，
we　needed　to　desigri　the　segmen七ation　leaming　Progra皿with　a　number　of　ques－
tions，　but　the　evaユuation　of　Q．3　seems　to　be　improved　if　we　control　the　number
of　trials　that　the　5egmentation　users　study　at　once．　Fuエthermore，　presenting　a
kinder　explanation　of　each　of　task　and　meaning　at　the　b　eginning　of　the　prograin
would　be　help　to　reduce　the　u呂er，s　mental　burden　for　the　number　of　questions．
4．7 Conclusion ■
In　t　his　chapter，　we　reported　the　results　of　an　experiment　comparing　two　learning
programs．　One　is　the　segmenta七ion　learning　program，　in　which　we　implemeロted
the　segme皿t　task　to　reeognize　the　mo鴨ment　uni七s　inclu（ling　eachむran5itional
movement　and　the　word　learning　task．　A畳er　the　evaluation　experiments　for　thiS
progra叫we　analyzed　their・scores　of　reading　task．　The　other　is　the　word　learning
progra叫and　we　analyzed　their　scores　of　reading　task　after　the　vocabulary　tes七
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without　the　segmentati。n・task．
　　　A呂the　results，　the　level　of　proficiency　fbr　vocabu1ary　were　high　enough　in
both　programs，　and　the　mean　score　of　reading　task　in七he　segmentation　users
were　sign廿icantly　higher　than　that　in　the　word　u5ers．　The　segmentation　learning
program　is　different　from　the　word　learning　pエogram　only　because　the　former
including七he　segment　task　to　recognize　the　unit　of‘‘the　transitional　movement
十the　lexical　movemen七，，．
　　　The　results　of　this　comparative　experiment　indica七ed　that　the　scores　of　read。
ing　task　fbr　natural　discourse　will　be　increa5ed　by　making　the　beginners　fbcus
o皿the　continuous　movement　pattern　of　which　they　cannot　be　conscious　with
the　existing　word　learning皿ethod．
　　　In　order　to　set　the　segmentation　learning　program　as　the　main　program　fbr
CASLL，　we　need　to　modify　the　desig皿of　segment　ation　learning　pTogram　ba£ed
on　the　sul〕j　ect，s　evaluations．　Since　it　is　difficult　for　the　begi皿ers七〇エnatch　some
knobs　on　the　segment　point　of‘‘t　he　tra皿sitional　move皿ent十lexical　movement”，
the　first七ask　now　is　to　eontrive　a　way　to　present　an　instruetion　with　some　hints
in　order　to　lead　the　u5er8　to　the　right　answer．　We　will　reorganiZe　the　curriculum
to　increase七he　user，s　Willingness　to　study　and　evaluate　it　again　while　relying　on
the　operability　of　CASL】⊃．
　　　We　axe　also　going　to　verify　the　function　fbr　the　segment50f　non一皿anual
signal（NMS）which　a肥larger七han“the　transitional　movement十the　lexical
movement”．　In　JSL，　NMS　has　a　function　as　a　syntactic　marker　to　di5tinguish
differen七particles　and　also　a£amorpheme皿aker　to　distinguish　between　adjec－
tives　and　adverb8．　For　example，　a　＄igner　can　distinguish　between　，a　genitive　case
and　a　no皿inative　case　by　changing　the　timing　of　nodding，　and　he／she　can　di8－
tinguish　b　etween　an　adjective　a血d　an　adverbs　by　facial　expressions，　We　assume
that　the　segment　by　NMS　is　related　to　recogni猛e　the　meaning　of　sentence　as　a
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who1已rather　than　the　selection　of　a　word，　Wie　are七rying　to　implement　a　f皿c－
tion　to　learn　NMS皿a　rkers　and　then　test　the　effectiveness　of　it．　Although　this
is　our　first　step　for　the　development　of　a　leaning　progra　n，　it　is　expected　that　we
can　presen七the　segmenta七ion　learning　Program．　as　a　content　of　e－leatning　and
als6　we　ca血develop　the　program　by　ourselves，　while　relying　on　the　operability
of　CASLL　and　improving　the　e釜ciency　of　programs．　Additionally，　we　expected
tha北CASLL　could　help　to　organize　the　inforrnation　of　JSL　and　apply　it　to　some
other　softwares　and　machine　interfaces，
Chapter　5
Evaluating　Interpreter，s
Skill　by　Prosody　in　JSL
5．1 Introduction
The　demLand　of血七erpreters　between．　Japanese　Sign　Language（JSL）and　spoken
Japanese　has　increased　the8e　days，　but　the　methodologie8　to　train　such　inter－
pre七ers　atre　stil1　limited　as　compared　to　the　other　types　of　interpreters　betweel1
8poken　languages．　Techr直cally，　some　studie呂for　animation　sy且thes旭have　bee皿
perfbrmed　in　order　to　propose　alternative　tools　fbr　interpreters［19，391．　However
these　technologies　are　only　apPlicable　in　restricted　situa七ions．
　　In　order　to　consider　simultaneous　JSL，　interpreter5　who　work　across　a　broad
range　of　3itua七ioロs，　some　other　type50f　technique　are　needed．　As　one　of　such
teehnique，　this　3tudy　fbcuses　o皿aquantitative　indicator　fbr　evaluation　of　the
general　skillS　of　sign－language　interpre七ers　in　order　to　train　them　according　to
their　level　of　skil1．
　　The　required　skiUs　fbr　JSL　interpreters　include　the　expression　skil1，　the　tran8－
latioiユskill　and　the　practicaユskill（5ユ）．　Usuaユ1y　those　＄kills　are　eombined　qua工一
itatively　and　it　is　di丘icult　to　quantify　each　skill　individually．　In　order　to　cer－
ti丘cate　the　of且cial　license丘）r　JSL　interpreter＄，　therefore，　their　skills　have　been
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串　Understanding　clieロts
Coordinating　environments　or
reiat五〇皿5　surreunding　clientSr
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c1量e【lt3，
Figure　5．1：Required　Skill　for　jSL　ln七erpreters．　The　figure　was　translated　from
Japanese　figure　in［1］．
subjectively　evaluated　by　wel1－exp　erienced　instructors．
　　　For　people　who　wanted　to　hire　jSL　interpreters，　i七is　very　di丘icult　to　know
the　level　of　their　candidates　and　how　long　they　need　to　traiロthem　for　reach－
ingもhe　necessary　level　to　conduct　their　service　autonomously．　Although　some
methodologies　of　kinematic　modeling　fbT　wel1－experien．ced　interpreter8皿ight　be
usefUI　to　elucida七e七he　skill　fbr　the　exptession　skill　in　JSL【24，．461，　the　expre呂8ion
skill　in　JS】｝　is　just　a　component　of　overall　skills　a皿d　it　seems　still　diMcult　to　eval－
uate　other　necessary　skills　fbr　actual　interpretation　serΨices．　Some　researchers
have　shownもhat　the　highly　skilled　interpreters　have　distinc七ive　practical　skills，
with　which　they・coordinate　the　order　of　utterance　between　a　deaf　and　a　hearing
clients．　They　also　ask　questions丘equently　in　order　to　interpret　each　utterance
more　preciselylle，27，2gl．　Therefbre，　the　qua皿titative　iロdicator　tha七i5　usefUl
for　recruiters　of　JSL　interpreters，　needs　to　be　very　simple　to　use，　and　applicable
負）revaユuating　the　general　ski1180f　interpreters　including　both　their　practical　and
interpretation　skills．
　　　This　study　explores　the　possibility　that　the　skill　fbr　recognizing　prosody　can
be　an　indicat。r　f。r。毛her　general　skills。f　interpretprs・
　　　In　the　interpretation　between　JSL　and　spoken　Japane8e，　one　of　the　most
difHcult　ta5ks　is　to　recognize　the　case　relation　or　the　modification　rela七ion　in
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JSL・FQr　representing　the　case　and皿odi丘cation　relations，　spoken　Japanese　has
particles　and　inflected　forms　of　a　word，　respectively」n　JSL，　however，　there　are
no　such　changes．　Instead，　there　are　durationa1　changes　between　two　signs，　Cacial
changes，　and　the　insertion　of　pauses　to　distinguish　the　case　and　modMcation
relations．
　　　This　para－linguistic　informa尤ion　i5　called　prosody，　and　it　is　closely　related　to
the　syntactic　structure　of　uttera皿ce．［45］describes　a　correlation　between　rhyth－
mic　pattern　and　syntactic　structure　based　on　a　linguistic　theoretical　analysis
called　prosodic　phonology｛28］．　It　has　been　also　discovered　that　paralinguistic
information　plays　an　important　role　in　achieving　real－time　and　easy　understand－
ing　and　smoothly　controlling　conversation［2，31］．　Because　prosody　is　conveyed
by　communicative　use　of　JSL，　we　assume　that　the　skiIl　for　recognizing　prosody
is　rela七ed　not　only　to　the　expression　skill　but　al50　some　other　skills．　These　other
skills｝nclude　the　interPretation　skill　and　the　practical§kill　of　coordinating　the
conversation　between　the　deaf　and　the　hearing　clients．
　　　In　this　study，　we　introduce　the　unique　test　called　MPR（Measuremeロt　of
Pro50dy　Recogn．ition）to　mea£ure　the　skill　fbr　recognizing　prosodyi　and　study
the　relationship　between　the　interpreter，s　experiences　and　the　perfbrma皿ce呂core
on七he　test（Experiment－1）．　Wie　also　investigate　the　types　of　8kill　that　ca皿be
estimated　by　MPR（Experiment－2）．
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The　ingredients　of　pro50dy　inL　spoken　language　are　rhythm，　pro皿inence，　and
iロtonation．　The呂e　prosodic　cues　aid　iロthe　5γntact三c　proce5sing　of　sentences，　in
di8ambiguation，　in長〕cusing　paτ七icular　elements，　and　in　indicatlng　the　discour5e
function　of　u七terances［47］．　L・inguistic　res｛∋arches　in　the　area　of　sign　language
has　also　been　progressive　in　de8cribing　the　prosodic　correlation　of　rhythmic
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Table　5、1：Exarnple　Sentences　for　Nominative　and　Genitive　cases
Nominative／GenitiveNounPredicate
SISTER hat
ea「mg
91a呂呂es
pin
lip　rouge
’bag
clothes
car
book
8hoes
like
Table　5．2：Example　sentences　for　Adverb　and　Adj　ective　Expressions
Adjective／AdverbNounPredicate
REAL sistercheerful
stubborn
genial
smart
mature
au＄tere
5erlOUS
　　　　　amUSlng
seda七e
gen七1e
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P。tt，，n・nd　b。dy　m・v・m・nt［361；・em・nti・f・・u・such・as・y・b・。w・ai・ing。・chin
伽ing同；・dj・・tive　emp囲・曲・圃ng・peedl　di・t・n・e・・d・・ati。・［43，剣
　　　In　ord¢r　to　eBtabli5h　a　scale　of　the　sklll　fbr　recognizing　Prosody　and　its
m，ani。g・，　it　i・need・d　t・P・ep・・e・ti皿u1・by　whi・h・ubj・・t・can　di・ting・iSh
between　correc七and　incorrect　answers　using　only　the　prosodic　pattern．　In　mo5t
，。、，，in」SL，　h。w・ve・，　if　th・皿・aning。f・ent・nce・　ar・diff・・ent，　th・・ign・・
、h。ng・・th・w・・d。・d・・t。・uit　th・m・ani・9・Th・・ef・・e・w・decid・d　t°P’epa「e
七w。types。f、ent。nce・in　whi・h　th・w・・d－・・d・・i・natロa1・n・ugh　t。　und・rst・nd，
。nd　th，　patt，m・f　p…。dy　f。・・ep…e曲g・㏄h　m・・ni・g　i・diff・・ent・ln　the
fo11。wing・ecti・且，　w・Will・in七・。duce　h・w　w・p・epar・d　th・d・ta　f・・MPR・
5．2．1Subjec七
Th，，ubject・was　f。，ty・y・a・s・ld・f・m・1・，　wh。　w・s・b。m　d・af　and　h・d　1・a・n・d
JSL　since　she　was　at　a　pre5chool　fbr　deaf　children．　She　works　a忘an血terpreter
b，twee。」SL　and　Am，，i，an　Sig・L・nguag・・nd・has・u缶・i・nt　kn・wl・dg・fo・th・
production　of　JSL
5．2．2　Video　recording　of　tes七data
W。、、k，d　th。，igner　t。　P・。duce　th・ee　w。・d・in・luding“・i・t・・’㍉“且。u・X”and
・・?求C・血thi，。，d。，，　and　t。・xp・e・s　th・・e・t…ei・tw。　diffe・・nt　mean’ngs　as
・、i、t，，1ik。、　X・and・・l　lik。，i、t。…X・with　th・・a皿・。・der・f　th・w。・d・（・㏄
Table1）．
　　　Weal，。　P，ep。，ed　th・・ent・n・e・in・1uding‘‘爬a1’㌔“・i・t・・”皿d叫adverb　Y”and
。sk，d　th。、igner　t。　P，。du・・it　i皿tw・diffe・ent　m・・ning・as“th・・i・t・・iS・eally
Y，and“the　real　sister　is　Y”（see］rable2）．
　　　In。，d，，　t。皿i血alize・th。・eff，・t。f・p・ti・1　di・tance　b・tw・e且the　c。ntig・・u・
w。，d、，　w。　u，ed且v・w・・d・with・h・・t　inter－w。・d出・tance飢d　an・th・・且ve　w°「ds
with　a　l。。g　int，，－w。・d　di・tance，　W・・e・。・d・d　th・p・。du・ti・n　im・g・・by　a　vide°
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Sign
Nor1－
m己nual
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囎
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Figure　52：　Tree　Structure　of　the　duration　in　No皿inative　and　Genitive
Gases：Asignificant　difference　was　shown　between　the　first　transitional　move－
ments（t（9）＝＝6、10，　P＜．05＞and　between　the　pauses　after　the　noun（t（9）＝6・le，
Pぐ05）
camera．　The　video　frequency　wa530Hz，　and　we　converted　the　images　to　avi　for
the　analysis，
5．2．3　Data　ana正ysis
The　duration　of　eaCh　movement　unit（MU）was　measured　using　the　sign　language
analysis　tool，　MAT［1工1．　We　cla£8i且ed　MU　into　three　types　in　terms　of　the　lexical
movement，　the　transitiona1　movement　and　the　pause．　The　lexical皿ovement　is　a
hand　movement　which　has　a　mea皿ing　as　a　sign．　The　transitiona11nove皿en七is　a
hand　movement　which　is　inserted　between　two　signs．　The　pause　is　the　duration
in　which　the　hand　is　visually　at　the　sarne　position．
　　　We　counted　each　movement　as　the丘ames　of　the皿oveme且t　representing　a
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Figure　5．3：Tree　Structure　of　the　duration　in　Adverb　and　Adjective　Expres5ions：
The　signer　used　adverbial　facial　eXpressions　which　are　applicable　for‘‘really”but
there　were　no　such　expressions　for‘‘rea1，，．　Other　prosody　including　pauses　were
placed　differently　in　the七wb　expressions．
w。，d，　th・・e。f　m。v・m・nt七・av・1i・9・fr・m。n・w。・d　t。　th・n・xt　w。・d　and　th。…f
movement　in　which　hand－shape　and　orientation　were　respectively　stable　at　the
same　po5itioロ．　All　frames　were　normalized　by　dividiロg　by　the　entire　duration
of　each　sentence．
　　　522shows　the　results　of　analysis　f｛〕r　the　nominative　and　genitive　ca£es．
Froi皿the　resul七s　of　the　t一七est，　it　wa£show且that　the　first　transi七ional皿ovements
and・th，　pau・e・・f　th・n・min・tiv・・・…w・・e・ignifi・antly　l・ng・・th・n　th・・e。f
th・g・nitive・cas・・（t（9）冨6．10，　P〈・05，　r・・pectiv・ly）・F・・th・n。minative　ca・e・
th。，ig…al・。　used・y・9・・e・and・plac・d・th・pau・e・with・th・1・st・w・・d・　F・・th・
9，nitiv・　case，　・h・placed　th・p・u・e　with　th・・ec・nd・・nd・th・last　w。・d・・The
results　showed　that　the　signer　was　changing　the　timing　of　producing　each　word
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with　a　variety　of　pro50dy　to　match　the　meaning．
　　　5．2．2shows　the　results　of　analysi呂fbr　adverb　and　adjective　expre8sioIls．　The
signer　used　adverbial　facial　expre8sion5　which　are　applicable　f（）r‘‘rea11ジbut
there　was　no　such　expres5ion　fbr‘‘reaユ，，．　Other　prosody　includi亘9　pauses　were
placed　differently　in　the　two　expre8sions．
　　　By　using　the　data，　we　made　up“MPR”and　explored　whe七her　the　length　of
experience　for　interpreter呂effects　the　score　or　not．　We　describe　the　procedure
of　the　experiment－1　in　the｛fbllewing　section．
5．3 Exp　erim、ent　1
The　aim　of　the　Experiment－1　is　to　see　whether　the　performance　score　of　MPR
is　related　to　the　length　of　interpreter，s　experience．
5．3．1　　Subject
We　arrange　the　subjects　into　two　groups；one　consisting　of　four　interpreters　who
have　more　than　1－year　experience（10ng－experience　group），　and　the　other　con－
sists　of　fbur　interpreters　who　have　le呂s　than　l－year　experience（short－experience
group）．　The　reason　fbr　classifying　the　subjects　based　on　the　period　of　1－year
experience　was　due　to　the　author，s　experience　that　it　took　at　lea5t　one　year　to
express　and　understand　the　pattern　of　prosody　precisely　after　acquiring　a　8k玉11
to　have　a　conver8a七ion　with　na七ive　signers　withou七an　interpre七er．
5．3．2　Method
MPR　is　an　examination　method　in　which　the　subject　watches　a　movie　and
th・n・writ…each．an・w・・。n　hi・／h・・anSw・・一・heet．エt　in・1ud・・tw・ki・d・。f　t・sk．
Firstly，　there　is　mea皿ing　task　in　which　the　subject　marks　’a　right　answer　that　is
more　appropriate　for　the　sentence　image．　Secondly，　there　i8　the　segment　task　in
which　subject　writes　a　slash“／”，where　he／she　feels七he　three　word5　should
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　　Deaf
Customer
Figure　5．4：Co皿figuration　of　the　three　parties．　The　med玉a　between　the　inter－
P・et・・and　th・h・肛ing・t・任is　speech，　whU・th・t　b・七ween七h・int・・pre七・・副
the　deaf　customer　is　8ign　language．　The　hearing呂taff　and　the　deaf　cu8tomer
converse　via　interpreteτmediation・
be　segmented・
　　　In，㏄h　tおk，　there　are伽。　types。f・ques七i・n・type1　i・t。・ec・9n・6　th・
difference　of　nominative　and　geni七ive，　and　type－2　i5　to　recognize　that　of　adverb
。nd繭ectiv・．　B・th　typ・・c曲in　tw・晦qu・・ti・n・and・a・h。且・h・s・tW・kindS
。f　t。、k（th・m・aning・t・・k・and・th・・eg皿・・t　t・・k）・Th・t・t・1　numb・・。f　it・m・is
theref。，e・eighty．　Th…cu・・ey。f帥t麗k　will　be　c誼cul・t・d・as・th・numb・・。f
correct　answers　divided　by　twenty．
　　　Fbr　this　Experiment－1，　we　asked　each　subject　to　have　a　seat．　in　a　quite　room
and　look　at　the　monitor　oll　a　personal　computer．　The　size　of皿ovie　on　the
Inonitor　was　780＊420　pb【els，　which　was　16・5＊11　cm・We　gave　an　ln5tructlo且
t。，ach、ubject　t。　ma・k・hi・／h・・answ・・。n　the　an・w・・－sheet　by　1。。ki・g・t　th・
movies　which　were　played　one　after　another　in　2　seconds．
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Figure　5，5：　Type－1：　the　task　i5　to　recognize七he　difference・between　adverb
and　adjectiΨe．　The　error　bars　show　standard　error　of　the皿ean．　A　sign雌cant
tendency　was　sh、own　in　the　meaning　task（F（1，7）＝＝5・98，　Pく・1）・
5．3．3　Resul七s
For　type4，　the　mean　accuracies　of　the　subjects　who　had　more　than　1－year
experience　were　O．82　fbr　the　meani且g　task　and　O．93　fbr　the　segment　task　The
corre呂ponding　mean　aceuracies　of　those　who　had　le呂s　than　1－year　experience
were　O．56　a皿d　O．61　respectively．　Fbr　type－2，　those　who　were　more　experienced
had　mean　accuracies　of　O．93　fbr　the　meaning　task　and　O．95　for　the　＄egment七ask．
Those　who　were　less　experienced　5cored　O、76　aロd　O、78　respectively－［bom　the
results　of　ANOVA，　it　was　shown　that　the　mean　accuracy　of　the　meaning　task　in
the　subjects　who　had　more　tha皿1－year　experience　tends　to　be　higher　than　that
of　those　who　had　less　than　1－year　experience5　fbr　type－1（F（1，7＞；5．98，　p＝．06）
and　al80　fbr七ype－2（F（1，7）＝5．98，　p；．08）．The　results　showed　that　skill　fbr
recognizing　the　meaning　of　pro呂ody　is　related　to　the　length　of　experience．工t
therefbre　i皿plies　that　MPR　reflects　some　kinds　of　skills　fc）r　in七erpreters．
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Figure　5．6：Type－2：the　task　to　recognize　the　difference『between　llominative
and　genitive．　The　error　bars呂how　standard　error　of　the　mean，　A　significant
tendency　was　shown　in　the　mea皿ing　task（F（1，7）＝5．98，　p〈．1）．
5．4 Experimen七2
The　aim　of　Experiment－2　is　to　investigate　what　kinds　of　skill　can　be　estimated
by　MPR．　In　order　to　achieve　thi50blective，　we　compare　the　evaluation　scores
in　the　situation　of　interpretation　between　the　high　a皿d　low・score5　MPR　group8．
5．4．1　　Subjects
The　subject5　were　six　interpreters，　in　which　three　subject5　had　more　tha皿80
pecent　correct　answers　fbr　MPR（high　MPR耳roup）and　three　subjρcts　who
scored　less　than　80　percent　each（low　MPR　group）．　A11　subjects　in　high　MPR
group　had　more　than　l　year　experience　fbr　interpretatio且work，　and　those　in
the　low　MPR　had　Ie5s　than　l　year　experience．　Two　hearing　subjects　and　three
deaf　sulbjec七s　also　participated　in　Experiment－2　in　order　to　evaluate　the　skill　of
the　interpreter8．
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5．4．2Method
We　prepared“the　pizza　task，　Le．　a　situation　where　a　deaf　customer　orders　some
pizza　from　a　hearing　staff　member　through　an　interpreter．　The　reason　why　we
selected‘‘the　pizza　task”in　this　Experiinent－2　was　that　it　included　some　paτts
of　free　conversation　in　a　formali鴉d　sequence　of　procedures　a氾d　we　thought　that
these　chaLracteristics　in匙situa七ion　close　to　a　real　interpretaもion　scenario．
　　　The　hearing　staff　member　was　given　a　piece　of　paper　containing　questions
about　the　customer，s　naエne，　the　fax　number，　the　si乞e　of　p協a，　the　kinds　of　5auce，
the　kinds　of　pizza　crust，　the　topping　to　add　a血d　the　topping　to　take　away　We
gave　an　instruetion　to　each　8ubject　to　finish　the　ses呂ion　in　5　minutes　and　we
pu七atimer　device　in　the　room　so　that　the　subject8　could　check　the　time．　The
con丘guration　of　the　three　parties　in　one　session　was　that　a　hea　ring　customer　and
an　interpreter　were　sitting　in　parallel，　with　the　deaf　customer　sitting　oppo8ite
the　interpreter（5．4）．
　　　Af七er　each　session，　the　deaf　customer　and　the　hearing　staff　member　evalua七ed
the　skill　ef　the　interpreter　on　a　scale　of－to十5．　The　order　and　the　combination　of
each　interpreter　was　randomi乞ed．　Each　interpreter　had　three　sessions　and　they
were　evaluated　by　three　deaf　customers　and　two　hearing　staff　member＄．　On　the
answer　sheet，　there　were　fbur　questions　in　order　to　evaluate　the　interpretation
and　pra君tical　skill50f　each　interpreter：
　　　Q・1・Was　thεin七erpre七er’s　sign（or　speech）easy七〇understand？
　　　Q2・Did　you　feel　any　concern　that　your　order　didn’t　come　through　properly
？
Q・3was七he　interpreter　expeditious？
Q・4Did　you　succeed　in　ordering（or　taking　the　order　of）the　pizza？
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5．4．3　Results
In　the　1pean　evaluation－8core　by　three　deaf　subjects・the　sco：e　of　each　of　the
high　MPR　group　was　higher　than、　that　fbr　low　MPR｛group　in　these　subjects．
Especially，　the　evaluatien　score　for　Q・3　tended七〇be　higher　in　high　MPR　group
tha皿that　in．　Iow　MPR　group（t（4），p＝．056：5ee　5．7）．　II1七he皿ean　evaluation－
score　by　two　hearing　subjects，　there　were　signifiCant　difference　between　these
two　groups　in　aU　questions（t（4），p＜．05，　respectively：5．8）．
　　　In　order七〇know　the　degree　of　all　the　interpreter’s　sldll　from　the　view　point
of　correlation　between　MPR　and　the　evaltiation－scores，　we　anaユyzed　these　corre
lations．　Because　the　accuracy　of　each　task　in　MPR　was　highly　correlated（5．3），
principal　component　analysis（PCA）was　perfbrmed　fbr　each　accuracy，　including
varimax　retation．　Only　one　componen．t　was　extracted　and　i七took　up　94．02％of
the　total　vaxiance（5．4）．
　　　We　calculated　the　correlation　between　the　compone且t－1　and　the　mean　eva1－
uation　score　of　each　question　in　each　slユbject．　According　tG　the　results，　a　mod－
erately　strong　correlation　was　found　between　the　principal　compenent　for　accu－
racy　of　MPR　and　the　mean　evalua七ion　score　by　the　deaf　subjects　in　Q2（r＝・78，
t（4）＝2．53，Pく．1），　Q．3（r＝．77，　t〔4）＝2・43，　P＜・1）and　Q4（r＝・・77，　t（4）＝2・43，　P〈・1）・
　　　Furthermore，　a　strong　correlatioll　between　the　principal　component　fbr　the
accuracy　of　MPR　and　the　mean　evaluation　score　by　the　hearing＄ubjects　wa5
shown　in　Q．1（r＝・．94，　t（4）＝5．94，　P＜．01），Q・2（r＝・・96，　t（4）＝7・17，　Pく・01），Q・3〔r＝・99・
t（4）＝14．2，　P＜．01），and　ill　QA（r＝・86，　t（4）＝3・49，　Pく・05）・
5．5 Discussion
The　results　of　Experiment－1　indica七ed　that　MPR　could　measure　some　kin．ds　of
skills　fbr　interpreters．　Similarly　the　results　of　Exp　eri皿ent－2　showed　that　MPR
could　be　an　indicator　for　a　skill　which　was　mainly　evaluated　by　the　hearing
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Figure　5．7：Mean　Evaユuation－Value　by　Deaf　Subj　ects：the　error　bars　show　stan－
dard　error　of　the　mean．　A　signi且cant　tendency　was　shown　in　Q．3（t（4），P＜ユ）
Tab工e　5．3：Correlation　among　tasks．　Taskl　is　meaning　task　and　Task2　is　segment
task．　Type－1　is　to　recognize　the　difference　of　nominative　and　genitive，　and　type－
2is　to　recognize　that　of　adverb　and　adjective．
TASK1－　　el　TASK1－　　e2　TASK2－－t　el　TASK2－　　e2
TASK1　－type　1
TASK1－type2
TASK2－typel
TASK2－　　e2
　　1
0．98
0．9
0．82
　　1
0．95
0．9
噌－停0　9　0
1
subject5．　The　heaエing　subject　made　the　evaluation　mainly　by　the　interpreter’s
voice．　Therefbre，　one　po5sible　5kill　that　can　be　e8timated　by　MPR　is　considered
to　be　the　translation　skill丘om　sign　language　to　spoken　language．　In　contrast，
the　deaf　sublect　made　the　evaluation　by　the　interpreter’s　behavior　including
signing」n　this　case　no　significant　difference　between　the　high　MPR　group　and
the　low　MPR　group　was　seen．　Neither　was　there　a皿y　strong　correlation　between
the　principal　component　fbr　the　accura£y　of　MPR　and　the　mean　evaluation
8core，　except　a　moderately　strong　correlation　in　Q．2，　Q．3　and　Q，4　that　seem5
to　be　related　to　the　practical　skill　fbr　interpreter5．
　　　The　stimulus　of　MPR　is　sign　language　and　the　reaction　of　that　i8　ba5ed　on
Japanese，　so　the　translation　skill　from　spoken　Japanese　to　sign　language，　which
is　mainly　evaluated　by　deaf　subjects，　migh七be　diMcu1七to　estimate　by　MPR．
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Figure　5，8：　Mean　Evaluation－．Value　by　Hearing　Subjeets：the　error　bars
show　standard　error　of　the　mean．　Signifieant　difference　wa£shown　in　all
ques七ion（t（4），p＜．05，　respectively）．
Table　5．4：Principal　ComPonent　Loadings．
Principal　Com　onent　1Variance
Taskl　type1
丁askl－type2
Task2－typel
Task2－type2
0．95
0．99
098
0．95
0．91
α98
0．97
0．9
Percent　variance　explained 94．02
Total　variance　ex　lained 94．02
Further　researeh　are　needed　in　order　to　confirm　thi＄，but　we　can　say　that　MPR
might　at　l・ast　b・u・eful　t…timat・th・t・a曲ti・n・kill　fr・m・ign　1・ngu。g。
to　spoken　Japa　nese．　Additionally，　the　result　of　that　the　eXpeditiousness　eval－
uated　by　the　hearing　subjects　was　remaエkably　di丘bren七between　the　high　and
low　MPR　group8（Q3　in　5，8）．　Also　a　strong　correlation　was　fbund　between　the
principaユcomponent　for　the　accuracy　of　MPR　and　the　mean　evaluation　score
by七he　hearing　subjects・Furthermore　we　fbund　a皿oderately　strong　correla．
tion　il1．　Q2，　Q．3　and　Q．4　by　the　deaf　subjects　a£we11．　The§e　practical　8kills
includi皿g　expeditiousness　seem　possible　to　estima七e　by　MPR．　The　mean　time
to　accomplish　the　task　fbr　the　high　MPR　groUp　was　shorter　than　that　of　the
low　MPR　group（3：51　and　4：34，　resp　ectively）．　The　reason　why　MPR　and　the
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Figure　5．9：Correlation　between　the　mean　accuracy　of　MPR　and　the　Evalu－
ation　Score　by　the　Deaf　Subjects：Moderately　strong　corエelation　was　fbund
in　Q．2（r＝．78，　t〔4）＝2．53，　pくユ），　Q・3（r＝．77，　t（4）＝2．43，　p＜．1）and　Q4（r＝．77，
t（4）＝＝2．43，p＜ユ）
practical　skills　for　in、terpreters　were　correlated　mLight　be　ba£ed　on　the　volatility
of　information　which　is　a　rema　rkable　feature　of　dialogue，［2】xnakes　the　fbllowing
observations　about　the・velatility　of　infbrmation．
　　　●Adiaユogue　cannot　be　recorded　as　text　or　images．
　　　■The　recipient　ha£to　remember　all　the　infbrmation　he／she　has　received．
　　　Firstly，　from　the　view　point　of七he　volatility　of　information　in　real　time　eon－
versation，　we　could　interpret　that　a　high　skill　to　recognize　presody　would　make
it　po忌sible　fbr　interpreter5　to　have　enough　time　to　work　a　sequence　of　proce．
dures　smoothlア．　This　is　because　they　could　catch　up　on　the　volatile　information
Without　asking　questions　bad｛orエnaユ｛ing　the　deaf　or　the　hearing　8ubjects　anx－
ious．　This　would　not　occur　in　all　situations　however．　Because　the　pizza　task
consisted　of　very　simple　conversation，七he　interpreters　did皿ot　need　to　translate
any　delicate且uance　or　fUzzy　comment　as　are　of七en　observed　in　debates．　We
need　further　research　of　this　point　in　a　complex　and　debate　type　conversa七ion．
　　　Secon〔lly，　the　skill　of　the　expeditious　interpretatio且also　seems　to　be　more
important　ill　the　online　interpretation，　because　the　network　connection　fbrce
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Figure　5ユ〇二Correlation　b　etween　the　mean　accuracy　of　MPR　and　the　Evaluation
Score　by　the　Heacing　Subjects：strong　correlation　was　fbund　in　Q．1（r＝．94，
七（4）＝5．94，　p＜．ol），Q2（r＝．96，　t（4）＝7・17，　pく．ol），Q・3（r＝．99，　t（4）・＝142，　p＜・01），
andinQ・4（r＝・86，　t（4）＝3．49，Pく，05）．
adelay［35】．　Technically，　it　has　been　possible　to　conduct　the　experiment　of
online　interpre七ation　between　JSL　and　spoken　Japanese［33，34］，this　will　aユso　be
con血rmed　by　furtherエesearch．
　　　Finally，　in　order　to　con丘rm　the　estimatable　skills　by　MPR，　we　will　develop
other　scales　fbr　general　skill　aロd　then　compaエe　the　score　of　MPR　with　it　too、　We
will　a］so　analyze　how　long　experiences　are　required　fbr　the　acquisition　of　each
skill　and　then　apply　the　knowledge　fbr　educa尤ing　iコterpreter5　based　on　the廿
skill　development、
5．6 Conclusion
In　thi自study，　we　have　examined　two　experiments：Experiment－1　tes七s　the　use
of　MPR　dete肛nine　the　relationship　between　the　score　and　the　length　of　inter－
preter，s　experience．　Experi皿ent－2　which　provide＄　further　evidence　of　the　specific
skill　that　could　be　measured　by　MPR．　O　ur　research　indicated　a　possibility　that
MPR　could　be　usefu1　to　estimate　whether　or　not　the　interpreter　iS　experienced
enough　to　i皿terpret　from　sign　language　to　spoken　Japane8e．　Furthermore，　the
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practical　skills　su、ch　as　working　on　the　interpretation　expeditiously　c．ould　a　lso　be
estimated．　In　order　to　confirm　the　estimatable　skills　by　MPR　and　it呂situatien，
we　will　use　different　tasks　and　experimen七al　apparatus．　We　will　also　develop
other　scale50f　general　skill　fbr　JSL　inte叩reter　and　then　compare　the　score　of
MPR　with　the　score　of　those　5gales．
Chapter　6
Spatial　Con丘gurations　for
Online　Sign　Interpretation
6．1 Introduction
With　th・g・・Wth・f・digit・1　t・1…mmuni・・ti・n　n・tw。・k・and・th，、P，ead。fvid。“
ph°ne・，。nlin・・ign　int・rP・et・ti・n・service・hav・bec・m・a・eality．　Generally，，ign
　コ』te「p「etati°n　iS　p・・fe・皿・d・by・thre・types。f・parti・ipant・・d・af　p。。P1。，　inter．
P「ete「s，　and　h・a・ing・P・。pl・・F・r　easily・u・able　sign　int・・p・et・ti。・・ervice、，　the
inte「chang・。f　inf。・m・ti。一。ng　th・　three　typ…fp・・ti・ip・nts　i，　requti。d
t°be　car・i・d。ut・m。。thly・F・・sm。・th　int・・chang・・，　ar・angi。g　the　re1。v、nt
°bject・－vid・。　sc・een・，　vid・・cam・・as，　and・P・・pl・（u・er・）＝，ffe。tiv。1y　i、　im．
P°「t・nt・ln　thi・・t・dy，　w・m・inly・targ・t　th・int・・p・et。ti。n，ituati。n　in　whi，h
th・・e　i・。n・。f・a・h　typ・。f・P・・ti・ip・・t・　W・wm・all・it・th・t・il・teral　int，，p，et。．
七ion，
　　　The　arrangement　of　videophone－related　objects　ha5　been　studied丘〕r　the
lnte「p「etati・n。f・peech・・。・1ec加・e・［32，18］，　whi・h　w・Will・a11・m・s・interp，e
tatioロ・Howevεr・the　arrangement　of　videopho且e－related　object8　that　is　suitable
f・・t・i1・t・・al・int・・p・et・ti。・i・expect・d　t・b・diffe，ent丘。皿th。t　f。，　mass　in．
te「p「eもati・n・ln　a　mas・interp・et・ti。皿，　th・・e　ar・g・n・，ally・、ev，，a［　li、t，。。，s，
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Furthermore，　in　the　case　of　mass　interpretation，　most　communication　is　limited
to　one．way　communication　from　the　speaker　to　listener呂，　and　commuロication　in
the　oPPosite　directio鳳is　limited　to　the　question　or　discus5ion　period・　On　the
other　hand，　in　trilateral　interpretation，　the　balance　of　communication　directions
is　nearly　maintained　and　turn－taユding　frequently　occurs．
　　　「The　arrangement　of　videophone－related　objects　fbr　trilateral　inteTpretation
service　has　not　been　studied．　In　this　study，　we　discus8　these　issues，　in　particular，
coロfigurations　of　video　5creens　and　users1．
　　　Although　the　original　motiΨation　of　interpretation　is　to　communicate　be．
tween　a　deaf　person　and　a　hearing　person，七hey　do　not　cemmunica七e　with　each
other　directly　in　real　time，　Instead，　their　communication　is　mediated　by　the
interpreter．　Wie　calI　the　conversation　be七ween　the　deaf　person　and　the　hearing
person　the“principal　motiΨated　collversation”and　the　peeple　involved　in　it　the
‘‘垂窒奄獅モ奄垂≠戟@conversation　partners．，｝
　　　工n」the　interpretation　service，　the　deaf　person　and　interpreter　mainly　u5e
sigロlanguage　and　the　hearing　per50n　and　the　interpreter　mainly　u3e　spoken
la皿guage．　However、　it　is　well　knowll　that　nonverbal　information，　which　is　not
included　i皿spoken　or　sign　language，　fbr　example，　pausing，　nodding，」7acial　ex－
pressions，　alld　attitude8，　also　plays　an　important　role　in　the　establishment　of
communication［37，25，17｝In　particular，　note　that　the　principal　communication
partners，　who　are　motivated　to　com皿unicate，　call　only　communicate　no且Ψer－
bally　between　themse1ve8．　Therefore，　much　attention　should　be　paid　not　only
to　the　intelligilbility　of　voice　or　sign　but　al80　to　ease　of　exchanging　nonverbal
infbrmation，　for　smooth　trila七eral　interpretation．
　　　Here，　we　will　cla£sify　situations　of七he七rilateral　in七erpreta七ion　service　based
on　the　positional　relationship　among　three　people．τhe　first　situation　is　where
　　Iln　our　e）cperirnents，　the　video　camera　configuration　was　fixed；the　video　oamera　wa3
mounted　near　the　video　screeロ，　facing　in　the　sarne　direCtion　as七he　screen．
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three　people　are　present　in　a　place．　They　start　communication　without　using
anetwork．　That　i8　called“on－site　interpretation．1’The　second　situation　i8
where　a　videophone　terminal　is　set　in　a　shop　and　a　deaf　person　has　come　in　to
perform　some　errands．　If　there　is　no　one　present　who　can　use　sign　language，
七he　8hop　staff　can　call　a皿interpreter　who　is　in　a　remote　location　waiting　to
help　via　the　Videophone．「工1his　situation　is　called‘‘partial　online　interpretation．”
Another　situation　is　where　all　three　people　are　in　different　locations．　In七his
case，　two　videophone　connections　are　su、Mcient　to　5upport　the　conversation．
Thi5　situation　is　called　ccfull　online　in七erpre七ation．”
　　　Thel1，　we　de且且ed　the　spatial　con丘guratioロ80f　videophone　equipment　fbr
each　configuration．　In　particuiar，　the　con且gura尤ion　in　which　participants　ca皿
exchange　nonverbal　signals　wa£pre呂ented．
　　　Using　these　coniigurations，　we　perfermed　simulations　of　sign　interpretation
services．　For　the　conversation　task，　we　Chose‘‘ordering　a　pizza，”in．　which　a
deaf　custonler　order5　a　pizza　from　a　hearing　pizzeria　clerk　mediated　by　a　sign
interpreter．　Af七er　the　task　wa8丘nished，　the　subjects　gave　their　subjective　as－
seSSI皿ents．
　　　As　a丘rst　result，　the　accomplishment　ti皿es　of　on－site　interpretation　were
found　to　be　significantly　shorter　than　those　of　other　configurations．　This　re－
sult　suggests　that　partial　and　full　online　interpretation　provides　less　smooth
com皿unication　compared　with　on－site　interpre七ation，　which　is　a　predicted　re－
sult．　However，　we　fbu！1d　by　a皿alyzing　the　evaluation　results　in　detail　that　a
well－designed　co皿figuration　improved　the　feasibility　of　online　interpretations・
That　is，丘om　the　evaluations　of　hearing　sllbjects，　configurations　in　which　they
could　see　i皿ages　of七he　deaf　person、　were　fbund　to　be　preferable　compared　with
configurations　in　which　they　could　not　see　the　deaf　person．　This　i皿plies　th乱t
hearing　people　who　do　not　understand　sign　language　receive　nonverbal　5ignals
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that　enable　online　communication　to　be　similaτ　to　on－site　communication．］Rrom
the8e　resul七s，　we　obtained　approximate　guidelines　fbr　desig！ling　collfigurations
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ　　　　　　　　　　　　　　　　　　　ロof　videophoロe　equipmen七fbr　an　online　sigll　interpretatlon　servlce．
6．2 Spatial　con丘guration　fbr　sign　interpretation
　　　　　’servlce　　　　　　　　　　　　　　　　　　　　　・
In　this　8ection，　spatial　configurations　of　videophone　equipment　and　related　peo
ple　are　defined　fbr　each　co且figuration・
　　　The　classification8　a11d　con且gurations　are　5hown　in　Fig．　L　Here，‘‘1”de－
notes　the　interpreter，“H，｝the　hearing　person，　and“D”the　deaf　person，　Li且es
surエounding　these　letters　indicate　that　corre3ponding　people　are　in　the　same
phy、i，。l　l。，ati・n．　Th…丘d－1i…・。w・indi・at・。n－si七e　c…uni・ati。n　and　th・
dotted－line　ar：cows　indicate　onli且e　communication．
6．2．1　　0n－site　interpreta七ion
In“on－site　interpretation，”the　preferred　configuration　is　one　in　which　the　hear－
ing　Persoロand　the　i皿terpreter　are　side　by　side　facing　in　the　same　direction（i・e・，
in　parallel），　and　they　are　both　facing　the　deaf　person（Fig．　1（a））．　This　con－
figuration　is　caユled　3SS－E（Three　people　Sharing　a　Space　and　the　principal
conversation　partners　facing　Each　other）．　In　thi8　con丘guration，　the　principal
co皿versation’垂≠窒狽獅?窒刀@that　are　motivated　to　communicate　are　f吾cing　each　ether，
＄o　exchanging　nonverbal　signals　between　the皿is　easy．　We　consider　that　this　is
the　reason　the　con丘guration　is　pTeferred，
　　　In　the　fbllowing　subsections，　we　are　going　to　define　the　configura七ions　fbr
online　interpretations　by　considering　the　issue　of　nonverbal　signals・
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Figure　6．1：Classi丘cation　of　equipment　configurations．
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　　　　　　　　　　　　　　　　　　　　　　　’　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ6．2．2　　Par七ial　online　interpretation
In七he“partial　online　interpret　ation，”the　deaf　and　hearing　persons　communicate
with　the　interpreter　by　a　single　videophone　connection．　Fbr　this　situation，　we
considered　two　types　of　conf玉gurations．1且o且e　configuration，　the　deaf　and　hear－
ing　persons　aエe　side　by　side（iロparaUe1）facing　the　interpreter　via　the　network
（Fig．1（b））．　This　is　called　2SS－P（Two　people　Shaエing　a　Space　in　ParaUel）．
The　other　con丘guration　has　the　deaf　and　hearing　Persons　facing　each　other
with　the　deaf　person　facing　the　interpreter　via　the　network（Fig．ユ（o））．　This
is　called　2SS－E（Two　people　Sharing　a　Space　while　facing　Each　other）．　This
con丘guration　correspo！1ds　to　the　partial　online　version　of　3SS－E・
6．2．3　　Full　online　interpretation
1ロthe“fUll　online　interpre七ation，”the　deaf　p　erson　communicates　with七he　inter－
preter　bY　o且e　videophone　connection　and　the　hearing　person　communicates　with
the　interpreter　by　another　videophone　connection．　If　a　conventio且al（point－to－
point　con1ユection）vldeophone　system　is　applied　fbr　the　full　ollli皿e　interpre七ation
straightforwardly，　the　deaf　and　hearing　persons　cannot　see　each　o七her　because
the　two　connectioロ8　are　isolated．　However，　by　51igh七ly　modifying　the　videophone
system，　we　can　e且able　them　to　see　each　other　in　5ma皿windows，
　　　For　this　situation，　we辻rvestiga七ed　two　configuratioロs．　In　one　configuratio且，
the　principal　conversation　partners　do　no七see　the　image　of　their　paエtner（Fig．
1（d））．Here，　we　can　consider　the　principal　conver5ation　partners　to　be　vir七ua工ly
si七ting　in　paralleL　This　is　called　3CN－VP〔Three　people　Con11ected　via　the．
Network　and　the　pri皿cipal　conversation　partners　Virtually　in　P　arallel）．　In　the
・th・・．・。nfig・・ati。n，　th・p・incip・1・・nv・・sati。n　P・・tn・・s　can　・ee　・ach・th・・in
smaユ1　windows（Fig，工（e））．　Here，　we　can　consider　the　principal　conversation
paエtロers　to　be　virtually　facing　each　other．　This　is　called　3CN－VE（Three
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P・・pl・C。n豆ect・d　via　th・N・tw・・k・・d　th・p・i・・ip・1・・n・…ati。・p。，tners
Vi・tually・fa・i・g　E・・h。th・・）・1・もhis　c。n丘9・・ati。n，　th・h…i・g　P，，s。n　fa，es
both　the　deaf．　person　and　the　interpreter　while　the　deaf　per50n　faces　both　the
h・a・i・gPers。nandth・i・t・・p・et…N。t・th・tw…nn・t　d。・u・hathi・ginthe
actual　world．　This　configuration　can　be　called　artificia1．
6．3 Methods
Based　on　the　classi丘cation　of　situations　and　equipment　con丘gurations　stated
in　Sect．2，　we　performed　simula七ions　of　8ign　interpretation　services．　The　task
　　　　　　　　　requlring　interpretation　was　placing　an　order　for　home　delivery　of　a　pizza．　The
reason　fbr　selec七ing　this　task　is　that　it　includes　some　free　conversation　in　a
f｛〕rmaliZed　sequence　of　procedures．　We　thought　that　characteristics　of　the　con＿
ver8ation　would　enable　us　to　compare　and　evaluate　con丘guratiolls　that　were　as
close　as　possible　to　actual　interpretation　situations．
　　　Deaf　persons　were　assigned　to　the　role　of　custoエners　and　hearing　persons
were　assigned　to　the　role　of　pizzeria　clerk．　S　ubjective　evaluations　were　provided
by　all　three　groups　of　8ubjects．
6．3．1　Experimental　system
R〕r　the　online　interpretation　experiments，　two　1P　videophone　terminals　VP　1500
（NTT　E・st）and・n…ftwa・e　ph。n・。n　a　per・。n・1・。mp・t・・w・・e　u・・d．　Th，y
commu皿icated　via　the　FLET’s．Net王P　netwerk．　The　dista　nce　between　subjects
who　were　facing　each　other　was　set　to　1．5　meters．　V晒e　used　an　external　20－inch
LCD　videoエnonitor　because　the　built－in　video　monitor　of　the　VP1500　has　a
diagonal　size　of　eight　inches，　which　was　too　small　to　see　from　that　distance．
Furthermore，　we　used　an　external　small　video　camera（CK－300S，　Keyence），
which　was　attached　undemeath　the　external　video　monitor　because　unless　the
camera　was　set　near　the　video　monitor，　the　line　of　sight　of　the　subject　was　not
76　CHAPTER　6．　SPATIAL　CONFIG　UR．ATIONS　FOR　ONLINE　SIGN　INTERPRE工ATiON
directed　at　the　camera．
63．2　　Subjec七s
Three　groups　of　subjects　took　par七in　the　experiments．　The　characteristics　of
subjects　are＄hown　in　Table　6ユ．
　　　None　of　the　interpreter5　were　certificated　JSL（Japanese　Sign　Language）
interpreters．　Three　of　fbur　interpreters　graduated丘om　a　professiona1　school　of
sign　la且guage　in七erpre七ers　a皿d　one　of　them　studied　and　trained　in　a　workshop　for
sign　language　iロterpreters　for　one　year・FUrthermore，　all　of　them　have　experience
in　the　operation　of　an　interpretation　service　at　a　private　company　for　about　one
yea「・
63．3　Procedure　of　sign　ir比erpretatio皿experiments
Various　co血b三nations　of　deaf　person，　interpreter，　and　hearing　person　were　made
and　pizza－ordering　experiments　were　performed　fbr　five　kinds　of　configurations．
Ea£h　interpreter　perfbrmed　the　ta£k　once　fbr　each　of　the　co面guration呂．且ow－
ever，　fbr　the　3SS－E　con丘guration．，　the　interpreter　p　erformed　the　task　three　times
because　the　results　fbr　this　con且guration　were　also　used　fbr　a皿other　purpose．
The　combinations　were　made　carefully七〇　avoid　any　bias　or　order　effect．
　　　The　deaf　person5　were　given　a　sheet　of　paper　contain、i且g　the　nece＄sary　in－
fbrmation：a　fictional　name，　addres5，　and　fax　number　and　a　description　of　the
desired　pizza．　The　hearing　persons　had　another　piece　of　paper　on　which　to
write　keY　infbrmation　fbr　the　customer，s　order：the　customer，s　name，　address，
fa　x　number，　pi盟a　size，　kind　of　sauce，　kind　of　pi乞za　cruεt，　and　toppings　to　add　or
remove丘om　a　menu　item．　Subjects　were童ns七ructed　to　Hni8h　the　ses5ion　within
丘ve　minutes．　A　timer　was　placed　in　each　room　to　enabIe　the　subjects　to　check
the　elapsed　time．
　　　Afむer　each　pizza－ordering　ta£k　was　finished，　the　time　taken　to　accomplish
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　　　　　Ploa5日rato　yourimpression　of廿1i5　session
　　　　　and　mar匿童h臼approp舶鷺e　number　en　th日5cale．
1．Wa5いa　l巾rpreterf5　slgnin日easy　to　under51and7
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　　　　　　　　　　　　　　　　　　　　　Figure　62：Evaluation　sheet．
七he　task　was　recorded　and　the　three　subjects　were　asked　fQr　their　assessments．
6。3．4　Evaluation　methods
Evalua七ions　by　deaf　subject8
Deaf　subjects　who　acted　as　customers　evaluated　the　quality　of　the　eonversation．
The　evaluation呂heet　is　shown　in且g　6．2．　The且ve　evaluation　items　are　showll
below．
Q－D．1was　the　interpreter’s　sig血g　ea5y　t。　understand？
Q－D2　Did　you　fee1　any　concern　tha七your　order　would　not　go　through　properly？
Q－D、3Was　the　interpreter　expeditiou8？
Q－D．4Did　you＄ucceed　in　ordering　the　pizza？
Q－D．5Did　you　feel　the　hearing　pizzeria　clerk　wa8丘iendly？
Evalua七io皿5　by　hearing　subjects
The　hearing　subjects　who　acted　as　pizzeria　clerks　evaluated　the　quality　of　con－
versation　according　to　the　folloWing　five　items、1七ems　of　the　answer　sheets　were
the　same　as　those　fbr　deaf　subjects．
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Q－H．1Was　the　interpreter’s　speeeh　ea：sy　t。　understand？
Q－H．2Did　you　feel　any　concern　that　you　might　mi8com皿unicate　with　the　cus－
　　　　tomer？
Q－H．3Was　the　interpreter　expeditiou5？
Q－H・4Did　yoll　succeed　iロtalcing　the　pizza　order？
Q－H5　Did　you　feel七he　deaf　customer　wa£friendly？
Evaluation8　by　interpreters　u8ing　NASA－TLX
The　interpreters　gave　their　assessments　by　using　NASA－TLXl8】，　NASA－TLX　is
asubjective　worldoad　asses8ment　method　developed　by　NASA（Natio皿al　Aer（）
nautics　and　Space　Adminis監ration）Ame3　Re8eardl　Gen七er．　The　evaユuation　pro－
cedure　consisted　of　the　following　three　steps．
　　　1．Evaluatioロof　workloads　on　5ix　subscales：Evaluate　the　workload　o皿sb【
　　　　　sub8cale3　u3ing　values」丘om　O　to　100
　　　2・C・mp・・i・・n。f・・b・ca1・w・ight・・Evaluat・th・w・ights。f　th・・ub・ca1・・by
　　　　　the　pair－comparison　method
　　3．Unification　of　workload8二Calculate　the　weighted　workload（WWL）by
　　　　　taking　the　average　of　thεweighted　values　of　the　subscales
And　th・・iX・ub・ca1・・a・e・（1）M・ntal・D・m・nd，②Phy・i・a1　D・mand，（3）T，m－
poral　Demand，（4）Perfbrm．ance，（5）Effort，　and⑥］Frustration．
　　　工nthe　original　NASA－TLX，　the　expla皿ations　of　the　procedure　aロd　evalua－
ti・且it・m・a肥w・itt・n　in　Engh・h・・d・・e　t。・・igid　and　t・・hni・・1．　F…exampl。，
the　description　of　Mental　Demand　in　the　original　NASA－TLX　is　as　follows：」ffo　w
m・・h　m・nt・1　a吻・rceptu・i・伽ゆ・…q・i・・d・（e．9．，伽晦戯吻，，al、u．一
厩W伽・漉吻・～・・伽，5e鳳吻，・オ・．ノ？Wa・孟励3ん・αε四伽・π伽9，
simpl・・r・・mpt・X，　eq・・ting・・加‘吻ρ
6．4．　RES　UL［17s 79
Aooompil5hment　lm日（min．）
6
4
＝9＝r＝fi＝一一um一匿
◆　◆
　◇
　　　　　　　　z　　　　　　　　　　　3SS．E　　2SS－P　　2S＄帽E　3CN■VP　3CN－VE
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Cor1而guratien　Type
Figure　6．3：Accomplishment　times　under　five　con丘gurations．
　　　Japanese　versions　of　NASA－TLX　were　translated　by　some　researchers　and
widely　used［41］．　However，　these　translations　are　verbatim　and　still　rigid　and
tech皿icaL　Consequently，　u8ing　the　translated　version　fbr　nontechnical　people，
we　were　anXious　about　introducing　an　unexpected　effect，　and　carrying　out　fair
assessments　became　difficult．
　　　We　translated　al1　the　words　and七erms　in　the　descrip七ions　into　intuitive，
si血ple　Japanese　sentences　and　1ユsed　thenユfbr　eur　experiments．　Translated　de－
scriptions　of　subscales　are　shown　in　Table　622．
6．4 Results
This　5ection　gives　an　overview　of七he　expeTimentaユresults．　First，　accomplish－
ment　times　of　trials　for丘ve　configurations　are　shown．　Then，　results　of　assess－
ments　u皿der　five　coロ且guratioロs　cla88血ed　according　to　subject　groups　are　shown．
6．4．1　Accomplishme皿むtimes
The　time　taken　to　accomplish　the　task　can　be　regarded　as　a　co皿prehensive
measure　of　the　feasibility　of　the　commu且ication　interpretation　system　because，
　　2Note　that　the　sent帥c已s　in　this　Table　are　translated董nto　Engli曲again　trying　to　keep　the
nuance　of　the　Japanese　sentences，
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Figur・6．5・M・・n・c。・e・・f丘ve　evaluati・n　it・m・as・e・sed　by　h・a・i・g・ubjecむs
under　five　con且gura七ions．
if　the呂ystem　makes　accomplishing　the　tasks　easy，　conversation　proceeds　Without
disturbance．
　　　The　accomplishment七血e8　under　the　five　con且guration呂are　shown　iロFig．
6．3．Markers　correspond　to　the　accGmp工ishment　times　for　each　trial　and　short
cressl）ars　indicate　average　times　fbr　each　con丘guration、　The　accomplishment
times　fbr　the　on－site　interpretation　configuration（3SS－E）were呂ign蹟cantly
shorter　than　the　other　four　eonfigurations．　Among　the　other　fo皿r　con　Eigurations，
no　obViou5　differences　were　observed．　The　reason、＄are　as＄umed　to’be　a£fbllows：
（1）th・numb・・。f七・i・1・was・v・・y・m・11（f・u・・tim・・）・nd（2）thi・t・sk　t・nd・
to　yield　fluctuations　in　accompli＄hment　times　because　it　irregularly　requ虻es
repeated　asking　and　confirming　of　the　customer，s且ame　or　address，　which　takes
acertain　amount　of七ime．
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6・4・2Results・f・evaluati・n・by　deaf・ubjects
The「esult・・f七h・s・bj・・tive　a・se・s…t・by　th・d・af・ubj・ct・肛・・h。w。　i。　F三9．
6．4．
　　　Ove・all，　n。・b・i。・s・diffe・ence』w…。b・ew・d…g　the　c。。丘gu，。ti。n，．　The
「eas°n　is　as・um・d　t。　b・that　th・d・・f　p・。pl・w・・e　t。lerant。f　imp。i，m。nt，　t。
the　p・。9・e・si・n・f　th・・ign・。nv・・sati。n・Th・t。1・…ce。f　d。af　p，。pl，　i，　al，。
exempli且ed　by　th・且nding・th・七th・y肛・t。lerant・f・蜘i・vid・・im。ges
du「ing　sig－…sati。…ndu・t・d　vi・vid・・ph・且・・［2q．　Thi・id・a　i、　a1，。、up－
P°「ted　by　th・丘ndi・g　th・t・ll・c・・e・w・・e　al町・high（C。mp肛，　Fig，6．4　wi七h
Fig・6，5，）
6・4・3　Results　of　evaluatio皿s　by　hearing　subjects
The「e・ult・・f・ub」ectiv・as・e・sm・nt・by　h曲g・ub」ect・a・e・h。wn、in、Fig．6．5．
　　　The　mean　scores　for　evaluation　items　Q－H・1，　Q－H3，　and　Q－H．4　were　always
high・　and　th・flu・tu・ti。n・w・・e・small・fo・al1・・n丘9・・ati。ns．　Thi，　iS、becau、e、the
intelligibility（Q－H・ユ）and　the　expeditiousness（Q－H．3）of　the　interpreter　were
independent　of　con丘gurations，　and　the　senses　of　achievement（Q．且4）were　not
very　diffe・ent　b・tween　t・i・1・becau・e　th・y　were　ca・・三・d。。t・un七ii　th。。，d，，　was
finished・For　the　remaining　questions（Q－H．2　and　Q－H．5）signifieant　differences
in　the　answers　Iwere　observed．　These　issues　are　discu呂sed　in　section　5．
6．4．4　Results　of　evaluations　by　interpreters
Va「iati。n・in　WW玉・肛・・h。㎜i皿Fig・6・6．　N。・bvi。u・diffe・・n・e，　am。。g　the
c°且且9肛ati・n・w・・e・b・e・v・d・Th・・effe・t。f・。・ng・・ati。・・丘・m　th，　vi。叩。ints
。f　int・・preters　will　b・di・cu・sed　u・i・g　th・individ・田，e，ult、。f，ub、曲in　S，ct．
5．
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Figure　6．7：Comparison　of　suわjective　assessment　by　hearin菖subj　ects（par七ial
online　interpreta七ion）．
6．5 Discussion
This　section　discusses　con丘guratiol150f　equipment　classi丘ed　by　situation50f
interpret　ation，　that　is，　par七ial，　online，　and　full　o皿1hle．　Fbr　each　si七ua七ion，　con－
figurations　are　discussed　using　assessments　by　hearing　subjects　and　interpreters．
Unfbrtunately，　clear　results　were　not　obtained　from　the　assessments　by　deaf　sub－
jects，　so　the辻assessmen亡s　will　not　be　discussed．
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Figure　6．8：Comparison　of　workload　for　interpreters（partial　online　interpret　a－
ti。n）．
6．5．1　Comparison　within　partiaユonline　interpretation　sit－
　　　　　　　uations
results　assessed　by　hearing　subject8　The　results　obtained　fbr　subjective
assessments　by　hearing　subjects，　ques七ion5　Q－H2（Concern　about　the　miscom－
munication）and　Q－H．5（Friendline5s　with　the　partner），　are　show且in　Fig・6・7・
All　of　the　raw　da尤a　are　shown　in　these　graphs．
　　　］Flrom　the　vieWpoint　of　hearing　subj　ects，　the　differences　b　etween　2SS－P　aロd
2SS－E　can　be　summarized　as　follows，　The　former　is　the　configUration　in　which
the　interpreter　is　seeロin　the　video　monitor　iロfront　of　the　subjec七and　the　deaf
subjec七is　sitting　1）eside　him　or　her．　The　latter　is　the　configuration　in　whic　l　the
deaf　subject　is　5itting　in　front　of　the　5ubject　and　the　voice　of　the　interpreter　can
be　heard丘om七he　videophone　speaker．
　　　The　results　fbr　Q－H．2　suggest　that　three　of　four　scores　fbr　2ss－E　were　bet－
ter　than　tho8e　fbr　2SS－P．　This　mean呂that　nonverbal　information　obtajned　by
vi5uaユobservatio皿of　one，s　principal　conversation　pa』rtner　prevented　the　hear－
ing　subjec七fro：n　lbeillg　co且cerned　that　he／she　might　miscommunicate　with　the
partner．　On　the　other　hand，七he　results　fbr　Q－H・5　suggest　that　there　were　no
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di丘brences　between　the　two　con丘gurations．　This　finding　implies　that　if　the　prin－
cipal　conversatio且partner呂are　sharing　the　space，　the　vi8ual　ob8ervation　of　the
partner　does　not　make　a　further　impact　on　the　feeling　of　friendliness．
results　by　interpreters　Instead　of　exami皿ing　WWL，　let　us　study　each　score・
on　the　subscale　because　no　obvious　differences　were　observed　in　the　WWLs七ha七
we　obtained　through　those　procedures．　The　scores丘）r　three　individual　subscales
（Workloads）一一一Physical　Demand，　Perfbrmance，　and　Frustration－aエe　shown　in
Fig，6，8．　The　scores　of　these　subscales　sugges七ed　clear　tendencies　in　the　8bに
kinds　of　subscales．
　　　Erom　the　viewpo㎞t　of　the　interpreter，　the　difference　between　2SS－P　and
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　む2SS』can　be　summarized　a3　follows．　The　fbrrner　is　the　configuration　in　which
both　deaf　and　hearing　subjects　are　seen　oロavideo　monitor　in丘ont　of　the
interpreteri　the　latter　is　a　con丘guration　in　which　the　deaf　subject　is　seen　on
the　video　monitor　a皿d　the　voice　of　the　hea血g　subject　can　be　heard　from　the
speaker，
　　　As　shown．　in　Fig．6．8七wo　of　fbur　subj　ects　felt　that　the　workload　fbl　Physical
Demand　wa£heavier　in　configuration　2SS－P（the　other　two　subjects　felt七hat
there　was　no　difference　between　the　two　coエ1丘gurations），　while　a115ubjects　felt
that七he　workload　for　Etustration　was　heavier　in　configuration　2SS－E．　Deciding
which　Perfbrmance　is　heavier　is　di田cult．　These　results　imply　that　nonverbal　in－
fermation　obtained　by　visual　observation．　of　one，s　principal　conversation　partner
imposes　much　phy＄ical　stre＄s　but　causes　less£rustration．
6．52　Comparison　under　full　on正ine　interpretatio皿situa－
　　　　　　　　tions
result8　asse8sed　by　hearing　subject呂　The　results　of　subjective　assess皿ents
by　hearing　subjects，　questions　Q－H2（concem　about　the皿iscommunicatio1ユ）
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Figure　6．9：CompariSon　of　subjective　assessments　by　hearing　subjects（full　on－
1ine　interpret　a七ion）．
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and　Q－H．5（Eriendliness　with　the　partner），　are　shown　in　Fig・6・9・All　of　the　raw
data　are　shown　in　the5e　graphs3．
　　　From　the　viewpoin七〇f　the　hearing　subjects，　the　difference5　between　3CN－
VP　and　3CN－VE　can　be　summarized　as　follows．　The　former　is　the　configura－
tion　in　which　only　the　interpreter　is　seen　on　the　video　monitor．　The　latter　is
th。，・㎡gu・ati・n　in　whi・h　th・i且t・・p・et・・i・・een。n　th・vid・。　m・且it。・and　th・
deaf　subject　is　seen　in　a　5mall　window・
　　・1。thes，。。・且9…士i。ns，　th・。・gh。・・i・・tt・nti。・，　th・・e・was・・imb・1・nce　i・th・・umb・「
of　trials　fbr　he肛ing　subjects…that　is，5ubjecもSperforrns　3CN－VP　three　times　and　3CN－VE
once．
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　　　Results　for　Q－H．2　and　Q－H，5　indicate　that　scores　of　3CN－vE　tend　to　be
higher　th・n・th。・e・f　3CN－VP・This・ug9・・t・th・t　th・n・nv・・b・1　inf・・m・ti。n
i。t，。du，ed・by・fe・t・・e・。f・。n丘gurati。n　3CN－VE　b・。・ght七h・f・eling　th・亀・ub一
ject，，　int・nti。・・w・re・car・i・d・ut・P・。P・・ly・nd・P・。・id・d　a　fe・1ing。f　f・i・ndliness
with　the　deaf　subjects．
，e。ult，　by　int・・preters　Th・・c・re・fo・th・ee　individua1・ub…1・・（W・・kl。・d・）－
Phy、i・・1　D・m・nd，・P・・f・・m皿ce，　and恥u・t・ati。n－are・h・wn　in　Fig・6・10・
　　　Fto皿the　viewpoint　of　the　interpreters，　there　were　no　differences　between、
3CN－VP　and　3CN－VE；　that　is，　in　both　of　these　configurations，　the　interpreter
could　see　the　faces　of　both　deaf　and　hearing　subjects　on　the　video　screen（Figs・
1（d）and（e））、且ere，　we　investiga七e　individual　scores．
　　　Looking　at　Fig．　6．1O，　interpreters　had　difiiculty　seeing　the　d士fference　in
workload　cau8ed　by　F　r　ustration，　but　they　felt　there　was　le8s　workload　caused
by　Phy・i・al　D・m・nd・nd　P・rf・・man・e　in　3CN－VE　th・n　in　3CN－VP・Thi・
，e，ult　i，　c。ngru・nもwith…ult・・f　h・曲g・・b」ects　sh・wn　in　Fig・6・94・Th・
reason　tha七adif［6rence　between、　the　con且gurations　wa38ee皿even　though　there
was　no　dif】rerence　in七he　view　of　the　evaユuator　can　be　elucidated　a5　fbllows．
The　interpreter　experienced　a皿indirect　effect，　which　alose丘o皿the　progress
of　conversation　oエthe　mental　situation　of　the　other　subjects（hearing　subject8，
most　likely」）
6．6 Conclusion
Con且guration50f　videophone－related　objects　fbr　a　sign　interpretatlon　se「vlce
were　studied．　Situations　encou皿tered　in、　interpreta七io11　services　wele　classified
into　on＿site　interpretation，　partial　onlille　in七erpretatioエL　l　and　fUII　online　i且ter－
　　4Nete　that　the　workload　is　prefer乱ble　if　the　value　is　5maller　beoause　the　directions　of　the
evaluation　axe50f　Fig5．6．9　and　6．10　are　opposite　of　each　o亀h已r．
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pretation．　Then，　two　kinds　ef　configurations　were　introduced　fbr　each　of　partial
and　full　online　interpretations．　In　particular，　a　well－designed　con且gura．tion　wa£
presented　in　which　subject5　could　exchange且onverbal　signa15　by　locating　ob－
jects　to　see　faces　of　each　of　the　principal　conver5ation　partners，　S玉mulation
experiments　of　interpretation　serΨices　were　perfbrmed　and　qualities　of　the　con．
figuration5　were　assessed．　As　a　result，　we　found　that　a　configuration　in　which
subjects　could　exchange　nonverb　al　signals　improved　the　feasibility　of　partial　and
full　online　interpre七ation．　Co且sequently，　we　obtained　approximate　guidelines　of
designing　configurations　of　v玉deophone　equipment　fbr　online　sign　interpretation．
　　　In　order　to　conf辻皿the　effectiveness　of　the　guidelines，　we　will　continue　to
eΨaluate　the　quality　of　conversation　by　different　taskS．　We　will　aユso　analyze
the　interactive　behavior　by　using　the　conversation　data，　which　was　vide〔｝－taped
through　all　trial　in　this　study．　In　addition　to　the　subjective　evaluations，　these
findings　would　contribute　to　establish　the　different　t了pes　of　evaユuation　scales　fbr
the　quality　of　conversa七ion．
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Table　6．1：Characteristics　of　deaf　subjects、
Symbol　Gender　Age
H。aringやa「s°f
acuity　　　　S「gn　　ex－
　　　　　　　　　perlence
Hearing　impaired　subjects
A
B
C
D
E
F
F　　　56　－
　　　　　　65
F　　　46　－
　　　　　　55
M　　　56　－
　　　　　65
M
M
M
26
35
18
25
26　－
35
Deaf
Deaf
Deaf
DiMcult
Deaf
Di丘icult
10一
10一
10－一
4－6
4－6
10一
Interpreter　subjects
K
L
M
N
F
M
M
F
遭［earing　subjects
　　S　　　　　M
T F
26
35
26
35
26　－
35
18
25
46　－
55
26　－
35
Normal
Norma1
NOTmal
Normal
Norma1
Normal
ユ0一
7－9
1－3
7－9
none
none
T包ble　6．2：Description80f　sllbscales　in　NASA－TLX，
experiments．
which　were　used　in　our
Original　titleDescription　of　subscale
Mental　Demand
Physical　Demand
Temporal　Demand
Perfor皿ance
Effort
Fhrustration　Level
Did　you　have　trollble　in　thinking？
Were　you　tired　physically？
Did　you　get且ustered？
Did　you　perfor皿well？Are　you　OI（？
Did　you　make　an　eff（）rt？
Did　you　become　irritated？
iChap七er　7
Discussion
Fbr　an　overview　of　the　differeロce　between　the　static　infbrmation　and　the　non－
lingui8tic　infbrmation，　which　has　been　discussed　in　this　study，　recla£5ifying　the
verbal　and　the　non－verbal　communications　are　useful．　In　the　fbllGwing　5ection5，
anew　classification　will　be　prop“盾唐?п@based　 ロthe　results　of　our　experiment5．
7．1 Existing　classi丘cation　of　VC　and　NVC
In　the　re呂earch丘eld　of　social　psychology，　it　has　been　said七hat　we　ca皿dit…ti且guish
わetween　verbal　communication（VC）and　non－verbal　coロ1munication（NVC）’by
，。n、idering　wh，th・・it・。n・i・t・。f・peech，・・it　i・ind・p・且d・nt。f・peech［16］，［251・
Fro皿thi5　de且nition，　speech　itself　weuld　b　e　classified　as　VC　and　eye　gaze　would
be　classMed　as　NVC．　h　other　words，　we　can　say　that　VG　is　produced　by　the
。，g。ni，　w・・ki・g　i・th・。・・1・avity・a・d　i・p・・ceiv・d　by　th・ac。・・ti・・en・e，　and
NVC　i、　p、。duced　by　th・b・dy　and　p・・ceiv・d　by　vi・ua1・en・e（・・e且9・7ユ）・
　　　H。w。v，，，　if　w。　di・ti・9・i・h　b・tween・VC・and・NVC　by　th・。・gan・f・・p・・duc－
tion　and　the　sense　for　p　erception．　tn　8poken　language，　all　sign　la皿guage　would　be
，1as，i丘。d　as　NVq・ince　th・m・三n　p・。d・・tive　m・di・。f・ign・languag・ar・handl
t。，，。，h，ad，　fac・，　and・th。・e　m・v・m・nt・a・・p・・cept・d・by・viSual・en・e・Obvi－
。u，ly，　there　ar・lingui・ti・p・・P・・ti・・iコ・ign・lan9・ag・，・・w・…dt・c。n・id・・
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ロo畠
Sense　for　Perception
Auditory
1、．，五vφ噸1L　．
6。蜘hi蜘h
Visua1
「描 ・　　　　　　’．卸
　　｝擢　，　　mu　　即＿
焦謹珊親
Figure　7．1：traditiona工classMeation　of　VC　and　NVC
other　types　of　criteria　to　explain　both　spoken　and
sively．
72
sig la皿guages　comprehen一
New　classifica七ion、　of　VC　and　NVC
Gonsidering　the　cognitive　process　of　VC　and　NVC，　the　infor皿ation　seems　to　be
perceived　by　the　sensory　organ　first．　It　is　then　compared　to　existing　knowledge
such　as　symbols　and　images．　It　is　then且nally　proce5sed　as　the　propositional
or　the　expressive　information　which　produces　a　reaction　as　the　linguistic　or　the
emotional　response．　This　i8　ba呂ic　processing　both　in　sign　and　spoken　languages，
so　we　ca且use　the　three　axes　to　clas5ify　VC　and　NVS；the　level　of呂e且5e　fbr
perception（X　axis），the　level　of　coエnparison　to　the　e⊃d5ting　kロowledge（Y　axi8），
and　the　level　of　processing　for　propositiona1／expressive　inf（）rmation（Z　axis）．
　　　In　VC，　there　is　linguistic　in正brmatlo且，　and　also　paraユinguistic　infbrmation
such　as　pro呂odic　signal，　pitch，　pau呂e，　and　emphasi5．　Fig．72　and　Fig．7．3　show
the　cla5sification　of　these　properties　in　each　language．　Fig．7．4　shQws　the　cla5－
sificatien　viewed　from　the　common　cognitive　proce85ing　after　the　perception
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Y
／
　　　　　　z
proposMen；a［
／
Linguistic
　Para・
linguistic
Figure　7．2：Cias＄ification　of　Speech　in　Three　Axes
level．　By　Fig．7．4，　we　can　see　how　someエnedia　used七he　three　properties　in　each
language．　The　components　ofVC　and　IWC　can　be　classified　as　Table．7．5．　In　Ta－
bl・・7・5・thiS・tudy・has・di・・ussed・b・ut　p・・a－ling；ui・ti・inf・・mati・n（Ch・pt・・3－5）
and　non－verbal　infbrmation（Chapter　6）．　Fbr　the　future　work，　we　wi11　colltipue
to　evaluate　our　applicatio皿5　and　modify　the　classMcatio皿itself　based　on　the
results　of　further　a皿alysis．
92 CHAPTER　7．　DISCUSSION
Y
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Figure　7、3：Classification　of　Sign　Language　in　Three　Axes
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Figure　7，4：Classi丘ca七ion　Viewed　from　Y－Z　Coordinate
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Chapter　8
Conclusion
In　order　to　develop　more　communicative　applica七ions　fbr　JSL　learni且g　and　in－
terpreta七ion，　this　thesis　has　been　discussed　the　basic　and　apPlied　researches，
especiaUy　in（1）production　mechani5m　of　promineロce，②pro50dy正br　skill　eva1－
uation，（3）learning　effect　of　segmentation，　and〔4）non－verbal　infbrmation正br
5ign　interpretation．　Sign　language蛤atype　of　language　that　do5e　no七　have
written　language．　Tha七was　one　of　the　reaso且s　why　educating　non－11ative　sign－
ers　is　so　dM］icult．　By　the　knowledge　of　non－linguistic　infbr皿ation，　however，　it旭
possible　to　convey　the　comunicative　use　of　JSL　to　nol1一且ative　signers．
　　　We　explored　the丘）ur　sides　of　non－linguistic　infbrmatio且and　had　the　fbllow－
ing　results、
　　　（1）the　llands　movement，　speed　a皿d　duratioロwere　totally　illvolved　in　the　gen－
eration　of　promineロce　which　is　correla七ed　wit　h　emphasized　signs．　The　knowledge
of　prominence　of　JSL　is　expected　to　apl〕ly　in　the　education　fie正d　in　JSL．
　　　（2）the　learning　program　focusing　on　the　segmen七unit　with　the　transitional
movement　were　more　effective　than　the　eXisting　word　learning　method．
　　　（3）The　8core　of　MPR，　which　eΨaluate　the　recognition　skill　for　prosody，　is
correla七ed　with　the　interpreter’s　geIleral　ski11，　such　a£the　8peech　interpretation
skill　and　the　skill　to　work　on　the　i且terpretation　expeditiously．
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（4）Aconfiguration　in　which　8ubjects　could　exchange　nonverbal　signals　i皿一
P・・ved・th・fea・ibility。f・P・・tial・nd　full。nlin・int・・p・・t・ti。n・
　　　Based　on　our　classification　of　comunicative　compornents　in　each　media，　we
will　continue七〇evaluate　the　applications　and　modify　the　classi丘cation　itself．
Thi、　apPr。・・h　w・uld　al・。　h・lp　u・t。　reaTch七h・・ub・t・ntiv・fun・ti。n　th・t　is
needed　for　commuロica池ion　beyond　the　de鉦brence　of　8peech　or　auditoraユmedia．
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